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THE TECHNIQUE OF LINEAMENTS AND LINEARS ANALYSIS AND
ITS APPLICATION IN THE MINEROGENIC PROVINCE
OF SOUTHEAST MISSOURI
By
Hasan A. El-Etr

ABSTRACT
Current terminology in the field of lineaments and linears
(lineations) analysis was reviewed and quantitative definitions
of the common terms offered. A general classification of lineations is herein proposed. Characteristics of drainage and
airphoto lineations were reviewed and the procedure used in
their analysis discussed.
An area about 1880 square miles was analyzed for lineations
based on drainage networks and the resulting patterns showed
preferred orientation. These drainage lineations were later
compared with the airphoto lineations of the same area and;- a
limited degree of similarity was observed.
The airphoto lineations of an area approximately 7000
sq. mi. covering the Minerogenic Province of southeast Missouri
were analyzed using airphoto indexes compiled to a scale of
1 inch:l mile. To check the consistency of the resulting
lineation pattern an area in and adjacent to the Province was
similarly studied, based on a high altitude airphoto index
sheet.
A regional pattern of airphoto lineations was recognized
as well as several local interferences.
The regional pattern
is characterized by a prominent diagona1 system and a less
significant axial system. The diagonal system includes a
northeasterly and a northwesterly set and the axial system
a northerly and an easterly set. The diagonal sets are
distinct over all the area but the axia1 system is recognized
locally and frequently only one set (the northerly trending)
is present. Significant causes of and variables affecting
the loca1 patterns are believed to be:
local structural
disturbances, primary and diagenetic structures in the Paleozoic
sediments, buried knobs and ridges, and collapse structures and
sink holes. The maximum density of lineation is found in the
Precambrian St. Francois Mountains, and the value drops gradually
in all directions outside of this area. Major fault trends
coincide with major lineation trends in most cases.
Repeating lineation pattern in areas of sub-continental
to continental seale (Sondar's "regmatic shear pattern") is
advocated by many writers. · Four major trends, similar to

ii

those of the regional pattern of southeast Missouri, are
commonly recognized, The writer reviewed current theories of
their origin and concludes that the major fracture pattern of
the earth is caused by extra-terrestial forces, such as
oscillatory earth tides, and intra-terrestial (tectonic) forces.
Internal forces explain the local intensification of the pattern
(along all or some of its trends) in some geologic environments.
The following conclusions are reached regarding lead
deposits in the Minerogenic Province: 1) the lead mineralization
was of an epigenetic-hypogene origin, 2) channelways for
mineralization followed one or more directions of the four
regional lineations of the Precambrian complex, These trends
also affected the shape of the basins of sedimentation, and
the trends of the linear primary and diagenetic features of
the sediments, 3) the lead deposits are controlled by: a)
the primary and diagenetic linear structural features which
reflect the lineation pattern of the basement, b) buried
Precambrian knobs (with their local fracture patterns), and
c) the regional fracture pattern of the sediments which is
essentially similar to that of the Precambrian basement,
and 4) ore shoots and extensions of known ores are likely to
be aligned parallel to one or more of the four regional
lineation sets. This condition applied also for the Precambrian
iron ores and the rich "runs" of the residual barite deposits
in the Province.

iii

TABLE OF CONTENTS

ABSTRACT • •

•

• • • • • • •

TABLE OF CONTENTS • •

• • •

•

•

• • • • •

LIST OF ILLUSTRATIONS • • • • • •

Chapter I.

• •

• •

iii

• •

• •

• •

ix

•

• •

• • •
• • • •

•

•

INTRODUCTION. • • • • • • • • • • • • • • • •
Geography • •

• • •

i

•

• • •

• •

Figures. • • • •
• • • •
• • •
Plates • • •
• • • • • • • • • •

•

• •

1

• • •

1

• • • • •
• • • •
• • • • •
• •
• •

1
1
1
4

• • • • • • • • • •

Location • • • • • • •
• •
Climate and Vegetation • • • •
Culture • . • • • • • • • • • • •
Physiography • • • • •
• • •

• •
• • • •
• • • •
• •
•
•

Drainage. • • • • • • • • • •

•

ix
X

• • • • •

Objectives of Study • • • • • • • • • • • • • •
Methods and Procedures of Study • • •
•
•

•

6

• • 7
• • 10

Methods of Study • • • • • • • • •
• • • • • • 10
Procedure of Airphoto Lineations Analysis. • • • 12
Procedure of Drainage Lineations Analysis. • • • 14
Previous Work • • • • • • • • • • • • •

• • • • • • •

15

15
Geology.of Missouri • • • • • • • • • •
• • • •
18
Lineaments and Linears Analysis. • • • •
• •

Acknowledgements. • • • • • • • • • •
Chapter II.

20

•

REGIONAL GEOLOGIC SETTING. • • • • • •

• •

• • •

22

General Statement .•.•••.••• • • • • • • • • • • •
• 22
Lithology • • • • • • • • • • • • • • • • • •
• • • 23
Precambrian Basement • • • • • • •
Volcanic Rocks. • • •
Intrusive Rocks • • •
Granites • • • •
Basic Intrusions

• • •

...
• •

• • 23

• • • • • • • • • • •

23
~

• • • • •
• • • •
• • •
• • •
• • 24
• • • • • • • • • • • 24

Sedimentary Rocks. • • • • • • • • • • • • • • • 2 5
Cambrian System • • • • • • • , • • • • • • 25

iv
Page
27
• • • 28
29
•

Lamotte Formation. •
Bonneterre Formation
•
Davis Formation. • • •
•
Derby-Doerun Formation • • • •
Potosi Formation • • •
• • •
Eminence Formation • • • • • •

.

•

• • •

•

Regional Setting •
•
Description of Major Structures.
Ste. Genevieve Fault Zone
Simms Mountain Fault Zone •
Big River Fault Zone.
• •
Palmer Fault Zone • • • • •
Wolf Creek-Greasy Creek Fault
Shirley Fault Zone.
• • • •
Berryman Fault Zone •
•
Cuba Fault Zone • •
• •
Black Fault Zone. •
• • • •
Southwest Reynolds Fault Zone
Other Faults.
•
Farmington Anticline. • • • •
Other Folds •
•
• • • • •
Avon Diatremes. •
• • •
Furnace Creek Structure • •
Crooked Creek Structure •
•
Chapter III.

• 29
• 30

•

•

Ordovician System •
• •
• •
Gasconade Formation. • •
•
Roubidoux Formation. •
•
Jefferson City Formation •
Structure •

2~

• •

30
30
31
•
• 31

•
•

• •

32

• •
•

32
•
• • 36

• •

• • 36
• 37

• 37
• 38
• 38
• 38
• 39
• 39

• •
•
•
Zone.
•

•
•
• •
•
• •
• •
• •
•
•
• •
•

•

•

•

•

• •
•
• • •

•

• 39

• • 3q

• 40

• • 40
•
•
•
• •

THE SOUTHEAST MISSOURI MINEROGENIC PROVINCE •
General Statement •
Lead Deposits
•

.

• •
•

• •

• •

40
41
41.
42

• 43
43
• • 44

•

•
•

• 44
• • 45
• • 47

Stratigraphy.
•
•
• • • •
Reef Structures • • • •
Breccia Zones • •
• • • •
Precambrian Knobs and Ridges. • •
Structure • • • • • • • • •
•
Results of Isotopes Study •
• •

47
•
•
4 (J
•
•
51
•

General Remarks. •
•
• •
Mineralization Characteristics •
Ore Controls in the Old Lead Belt.

•

• •
• • •
•
•

Ore Controls in the New Lead Belt (Viburnum
Trend) • •
• • • • • • • • • • • • • • •

•

• 51
• 52
• 55

• .56

v

Iron Deposits • • • • • • • • •

•

57

Iron Deposits in the Precambrian Basement.
•
Residual and Sink Hole Iron Deposits • • • • • •

58

Barite Deposits • • • • • • • •
• • •
Hanganese Deposits. • • • • • • • • • • • • • • • • •
Minor Metallic By-Products • • • • • • • • • • •
•

60
61
61

CHARACTERISTICS OF LINEAMENTS AND LINEARS. • • • • •

62

• • • • • • •

. . ..

Chapter IV.

Terminology • • • • • • • • • • • • • • • • • • •
Lineaments • • • • • • • • • • • • • • •
•
Linears, Linear Trends, and L~near Features.
Fractures and Fracture Traces • • • • • • • • •
Photogeophysics. • • • • • •
• • • • • • • •
Lineation. • • • • • • • • • • • • • • • •
Conclusion • • • • • • • • • • • • • • • • •

59

62

•
•
•

•

•
•

62
66
6f7

68
69
90

Identification Parameters • • • • • • •
• • • • •
Proposed Nomenclature and Classification. • • • • • • •

71

Nomenclat.u re • • • • • • • • • • • • • • • •
•
€lassification • • • • • • • • • • • • • • • • •

75

Methods of Presentation of Lineation Data • • • • • •

82

Histograms • • • • • • • • • • • • • • • • • •
Maps of the Total Field and Selected Fields
of Lineations. • • • • • • • • • • • • • • •
Symbolic Representation of Lineations on Maps.
Maps of the Density of Lineations. • • • • • •
'Reliability or Weight Factor • • • • • • • • •
Other Statistical Treatments • • • • • • • • •
Characteristics of Drainage
(Drainage Lineations) • •
Characteristics of Airphoto
(Airphoto Lineations) • •

78

•

82

•
•
•
•
•

85

Lineaments and Linears
• • • • • • • • • • • • •
Lineaments and Linears
• • • • • • • • •
• • •

General Statement • • • • • • • • • ~ •• • •
•
Manifestations on Aerial Photographs and
Variables Considered • • • • • • • • • • • • •
Structure • • • • • • • • • • •
Litho logy • • • • • • • • • • •
..Topography. • • • • • • • • • •
Drainage. • • • • • • • • • • •
Erosion • • • • • • • • • • • •
Vegetation and Other Biological
Climatic Factors. • • • • • • •

74

87
87
87
89

90
94
94
95

• • • • • • 96
• • • • • • 96
• • • • • • 97
• • • • • • 98
• • • • • • 98
Activities. 99
• • .• • • • 100

vi

Tone. • • • • • • • • • • • • • • • • • • • 100
Scale of Photography. • • • • • • • • • • • . 101
Use of Supplementary Information. • • • • • 102
Comparison Between Airphoto Lineations and FieldMapped Joint and Fracture Patterns. • • • • • • • • 102
Chapter

v.

DRAINAGE LINEATION PATTERNS IN SOUTHEAST MISSOURI
MINEROGENIC PROVINCE • • • • • • • • • • • • • • • • • 107
General Statement • • • • • • • • • • • • • • • • •
107
Procedural Remarks. • • • • • • • • • • • • • • • • • 107
Discuss ion of Results ;::: • • • • • • • • • • • • • • • 108
Comparison Between Drainage and Airphoto Linears of
the Same Areas. • • • • • • • • • • • • • • • • •
115
Comparison Between Drainage Linears Based on Two
Different-Scale Maps of the Same Areas. • • • • • • 116

Chapter VI.

AIRPHOTO LINEATION PATTERNS IN SOUTHEAST MISSOURI
MINEROGENIC PROVINCE • • • • • • • • • • • • • • • • 121
General Statement • • • • • • • • • • • • • • • • • • 121
Maps of the Total Fields of Airphoto Linears •• • • • 122
Airphoto
Airphoto
Airphoto
Airphoto
Airphoto
Airphoto
Airphoto
Airphoto
Air photo
Airphoto

Lin ears
Linears
Linears
Lin ears
Linears
Lin ears
Lin ears
Lin ears
Linears
Linears

of
of
of
of
of
of
of
of
of
of

Phelps County. • • •
Dent County. • • • •
Shannon County • • •
Crawford County. • •
Washington County. •
Iron County. • • • •
Reynolds County. • •
St. Francois County.
Madison County • • •
Wayn_e County • • • •

• • • • 122
124
• • • • 126
• • • •
• • • • 129
• • • • 129
• • • • 132
132
• • • •
• • • • 132
• • • • 136
• • • • 136

Azimuth-Frequency Diagrams of Airphoto Lineations • • 138
Azimuth-Frequency Di~rams Based on 225-Square
Mile Unit Areas. • • • • • • • • • • • • • • • 13 8
General Remarks • • • • • • • • • • • • • • 138
Correlation Between Maxima of Airphoto
Linears and Lithology • • • • • • • • • • 142
Correlation Between Maxima of Airphoto
Linears and Structures. • • • • • • • • • 143
Azimuth-Frequency Diagrams Based on 56.25-Square
Mile Unit Areas. • • • • • • • • • • • • • • • 144
General Remarks • • • • • • •
Correlation Between Maxima of
Linears and Lithology • • •
Correlation Between Maxima of
Linears and Structures, . • •

• • • • • • • 144
Airphoto
• • • • • • • 146
Airphoto
• . • • • • • • i48

vii

Azimuth-Frequency Diagrams Based on Airphoto
Indexes to Two Different Scales. • • • • • • • 152
Density Distribution of the Total Field of Airphoto
Linears in the Minerogenic Province • • • • • • • • 154

Map Based on 225-S~uare Mile Unit Areas. • • • • 154
159
Hap Based on 56.25-Square Mile Unit Areas • • •
Chapter VII.

REGIONAL AND LOCAL PATTERNS OF AIRPHOTO LINEATIONS
IN THE MINEROGENIC PROVINCE AND THE ORIGIN OF THE
"REGMAT IC SHEAR PATTERN". • • • • • • • • • • • • • 164
General Statement • • • • • • • • • • • • • • • • • • 164
Regional Pattern of Airphoto Lineations • • • • • • • 164
Characteristics. • • • • • • • • • • • • • • • • 164
Evidences Supporting the Existence of the
Regional Pattern • • • • • • • • • • • • • • • 165
Local Patterns of Airphoto Linears. • • • • • • • • • 170
Origin of the "Regmatic Shear Pattern" • • • • • • • • 173

Chapter VIII.

IMPROVEMENTS IN AND APPLICATIONS OF THE TECHNIQUE
OF LINEAMENTS AND LINEARS ANALYSIS • • • • • • • • 185

General Statement • • • • • • • • • • • • • • • • • • 185
Improvements in the Technique • • • • • • • • • • • • 185
Photography for Geologic Purposes. • •
Photographic Laboratory Techniques • •
Color Photography. • • • • • • • • • •
Infrared Photography • • • • • • • • •
Stereo-Mosaics • • • • • . • • • • • • •
Space Photography. • • • • • • • • • •
Automatic Processing of Lineation Data

•
•
•
•
•
•
•

••••
• • •
• • • •
• • • •
• • • •
• • • •
• • • •

Applications of the Technique • • • • • • • • • • •
Applications
Applications
Applications
Applications
Applications
Applications
Applications
Studies • •
Chapter

IV.

of General Nature • • • • • • • • •
in Mineral Exploration. • • • • • •
in Oil Exploration • • • • • • • • •
in Geothermal Energy Exploration.
in Ground Water Studies • • • • • •
in Geological Engineering • • • • •
Related to Space and Planetary
• • • • • • • • • • • • • • • • • •

SUMMARY AND CONCLUSIONS.

185
186
18 7
18 8
18 9
190
191
192
192
192
194
194
195
196
197

• • • • • • • • • • • • • • 200

Definitions and Characteristics of Linear Features •• 200
Use of Drainage in Lineation Analysis • • • • • • • • 202

viii

Use of Airphoto Indexes in the Densely-Forested
Southeast r-tissouri. • • • • • • • • • • • • • • • •
Regional and Local Lineations of Southeast Missouri
and their Relation to the Global (Regmatic) rattern
Lineation Patterns Induced by Lithologic Variations
in the Minerogenic Province of Southeast Missouri •
Lineation Patterns Induced by Structural Variations
in the Minerogenic Province of Southeast Missouri •
Origin of Lineations. • • • • • • • • • • • • • • • •
Characteristics and Origin of the Lead Deposits of
Southeast Missouri and the Use of Lineation
Analysis in their Exploration • • • • • • • • • • •
Use of Lineation Analysis in Exploration for Iron
and Barite Deposits in the Minerogenic Province • •
Improvements in and other Applications of the
Technique of Lineation Analysis • • • • • • • • • •
APPENDIX I.
APPENDIX II.
APPENDIX III.

204
206
208
209
211
213
222
223

Mechanical Behavior of Rocks • • • • • • • • • • • • 224
Characteristics and Origin of Joints. •

• • • • • • 226

Total Number and Total Length of Airphoto Linears
per 225-Square Mile Areas of Southeast Missouri
(Data of Figure 26). • • • • • • • • • • • • • • • 229

APPENDIX IV.

Total Number and Total Length of Airphoto Linears
per 56.25-Square Mile Unit Areas of Southeast
Missouri (Data of Plate III). • • • • • • • • • • • 230

BIBLIOGRAPHY.

• • • • • • • • • • • • • • • • • • • • • • • • • • 235

VITA • • • • •

• • • • • • • • • • • • • • • • • • • • • • • • • • 248

ix

LIST OF ILLUSTRATIONS
Figures
1

Index map showing the location of the area studied,,,

2

2

f1ap showing the topographic coverage of the area
studied and th@ names of quadrangles, ••••••••••••••••

3

Generalized stratigraphic section of southeast
Missouri•••••••••••••••••••••••••••••••••••••••••••••

26

l-ta jor structural features of the Southeast Missouri
Minerogenic Province and the neighboring IllinoisKentucky mining district•••••••••••••••••••••••••••••

35

Lead and iron deposits of the Southeast Missouri
Minerogenic Provinces••••••••••••••••••••••••••••••••

46

Generalized stratigraphic section in the "Old Lead
Belt" of "southeast Missouri••••••••••••••••••••••••••

48

3
4--'···

5
6

7

Map of the mine workings in the "Old Lead

Belt"•··~··

50

8

Proposed classification of lineations ••••••••••••••••

80

9

Graphic representations of lineation data••••••••••••

83

10

Semi-automatic processing of lineation data ••••••••••

86

11

Linears based on drainage pattern, Potosi 15'
quadrangle, Missouri (Transparent overlay) ••••••• .•••• 109

12

Simplified drainage pattern of Potosi 15' quadrangle,
Missouri••••••••••••••••••••••••••••••••••••••••••••• 110

13

Azimuth-frequency (A-F) diagrams of airphoto linears
covering the "New Lead Belt", southeast Missouri.
(Transparent overlay) •••••••••••••••••••••••••••••••• 111

14

Azimuth-frequency (A-F) diagrams of drainage linears
covering the "New Lead Belt", southeast Missouri ••••• 112

15

Azimuth-frequency diagrams of drainage linears
based on two different scale maps of the same areas •• 118

16

Airphoto linears of Phelps County, Missouri •••••••••• 123

17

Airphoto linears of Dent County, Missouri •••••••••••• 125

18

Airphoto linears of Shannon County, Missouri ••••••••• 127

19

Airphoto linears of Crawford County, Missouri •••••••• 130

X

Figures

Pa~e

20

Airphoto 1inears of Washington County, Missouri •••••• 131

21

Airphoto 1inears of Iron County, Hissouri •••••••••••• 133

22

Airphoto linears of Reynolds County, Missouri•••••••• 134

23

Airphoto 1inears of St. Francois County, Missouri •••• 135

24

Airphoto 1inears of Madison County, Missouri ••••••••• 137

25

Airphoto 1inears of Wayne County, Missouri ••••••••••• 139

26

Azimuth-frequency diagrams of regional airphoto
linears in southeast Missouri•••••••••••••••••••••••• 140

27

Analysis of airphoto lineations in parts of southeast
and south-central Missouri based on an Army Map
Service high altitude airphoto index sheet ••••••••••• 153

28

Density distribution map of the total field of
airphoto linears in southeast Missouri••••••••••••••• 155

29

Detailed density distribution map of the total field
of airphoto linears in southeast Missouri •••••••••••• 160

30

Principal fault zones and fracture pattern within
the central Gulf Coastal Plain••••••••••••••••••••••• 167

31

Configuration of the Precambrian surface showing
major structural lineaments in Missouri•••••••••••••• 169

32

Shearing net of Vening Meinesz••••••••••••••••••••••• 177

33

Wrench-fault system of Moody and Hill•••••••••••••••• 177

Plates
I
II
III

(Folded and Mounted at End)
Geologic map of southeast Missouri
Major mineral resources of southeast Missouri
Azimuth-frequency diagrams of airphoto linears in
southeast Missouri

1

Chapter I
INTRODUCTION
Geography
Location
The area studied is in southeast Missouri with maximum
limits of parallels 36° 52 1 30" and 38° 13' OO" north latitude,
and meridians 90° 7' 30" and 92°
1 and 2).

2' OO" west longitude (Figs.

The region has a total surface area of 7,019 square

miles divided into ten counties.
decreasing size, are:

These, arranged in order of

Shannon _(999 sq. miles), Reynolds (819 sq.

miles), Crawford (760 sq. miles), Washington (760 sq. miles),
Dent (756 sq. miles), Wayne (741 sq. miles), Phelps (677 sq :
miles), Iron (554 sq. miles), Madison (496 sq. miles), and
St. Francois (457 sq. miles) (Kirkpatrick, 1966, p. 1471-1475).

Climate and Vegetation
Annual mean temperature in southeast
(56.6°F).

Missour~

is 13.6°C

July mean temperature is 26.6°C (79.9°F) and January

mean temperature is -0.2°C (31.6°F).

Average rainfall is 813.9 mm

( 31.96 inches) (St. Louis Weather Station,.!.!!_ U.S. Weather Bureau,
1965, p. 437).
Temperate dense forests consisting mainly of oak and lesser
abundance of pine, maple, hickory, cedar, and walnut cover hill
slopes.

Thick undergrowth hinders ready access· in the summer time.

Culture
The region has a relatively small population of 137 1 643.

2

SCALE ' MILES
10

Figure 1.

ao

State of

Index map showing the location o:f the area studied.

3

920

Figure 2

w.

Map showing the topographic coverage
of the area studied and the names of
quadrangles.
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SCALE

0

After the Missouri State Geological Survey, 1965.

10
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30
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40

St. Francois and Phelps Counties are the most heavily populated
of the counties studied; with population of 36,516 and 25,396
respectively.
counties.
is:

Population drops rather sharply in the eight other

The population of these, arranged in decreasing order,

Washington (14,346), Crawford (12,647), Dent (10,445),

!·1 adison ( 9,366), Wayne ( 8,638), Iron ( 8, 041), Shannon ( 7,087),
and Reynolds (5,161) (1960 Census; in Kirkpatrick, op. cit.,
p. 1471-1482).

About a hundred towns are included in this region,

the largest of which are Rolla (population 11 ,132), Farmington

(9,618), Salem (3,870), and Fredericktown (3,484) (See Plate I
and II for locations).

Most of the other towns, however, are

small communities of a few hundred people or less.

St. Louis

(population 750,026) is about 40 miles from the northern border
of St. Francois County.
Some farming is done along stream valleys, mainly on the
relatively broad flood plains of the larger streams.

In addition

to farming, cattle grazing, lumbering, tourism and mining are
the main occupations of the natives.
Four Federal Highways (60, 63, 67, and Interstate 44) and
several State Highways cross the area.

Hard surface and graded

gravel roads supplement the major network.

In addition, lumber

and other trails criss-cross the country side.

Physiography
The area studied is a part of the Ozark Plateau
physiographic province of Fenneman (1938).
two subdivisions of:

It includes his

1) the St. Francois Mountains of crystalline

rocks, and 2) ·. the surrounding Salem Plateau.

5

The Missouri Division of Geological Survey and Water Resources
confines the term "Ozark Plateau" to Fenneman's Salem Plateau
subdivision.
.and

However, terms like "the Ozark Uplift", "the Ozark Dome",

"the Ozark Plateau" (including both Fenneman' s St. Francois

Mountains and Salem Plateau subdivisions) are used interchangeably
by many local geologists.

In this report the terms and physio-

graphic divisions used are those adopted by the Missouri Survey.
The Ozark Plateau, senso stricto, and the St. Francois
t1ountains form a broad elliptical highland rising gently southward
from the r1issouri River and less gently westward from the
Mississippi River

~o

feet above sea level.

a high point at Taum Sauk Mountain of 1772
The general elevation of the Plateau is

between 1000 to 1200 feet above sea level.

To the west the Plateau

descends to the Prairie plains of extreme western Missouri and
Kansas and southward it descends until reaching the foot of the
irregular scarp bordering the higher (2,000+ feet) east-west
trending plateau known as the Boston

Moun~ains

of northern

Arkansas and northeastern Oklahoma.
Relief in the Ozark (Salem) Plateau is relatively low
although locally rugged.

Abundant rainfall and groundwater have

resulted in the partial solution of limestone and dolomite of
the Plateau and the development of several hundreds of known
large caverns (Bretz, 1956).

The age of these caves is Recent or

much older (Grawe, 1945, p. 42).
The St. Francois Mountains are about 300

s~uape

miles in area.

Rocks are mainly of volcanic (felsite) and intrusive (granite)
nature and are of Precambrian age.

The topography of this area is
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relatively rugged and locally streams are incised several
hundreds of feet into the Precambrian rock units forming the
well-known "shut-ins".

The mountains of the St. Francois

Precambrian rocks appear as islands enveloped by the Paleozoic
rocks of the Ozark Plateau

Drainage
The area studied is a part of the Mississippi
River drainage b~ sin.

The Missouri River, the main tributary of

the Mississippi, crosses the northern part of Missouri in an
east-southeasterly.direction and joins the Mississippi near
St. Louis.

These rivers approximately bound the Ozark Plateau

on the east (Mississippi) and north (Missouri).

Seven large

rivers drain radially into the Missouri or the Mississippi River
from the center of the Ozark uplift.

Streams draining the eastern

side of the Plateau join the Mississippi River directly and are
generally shorter and smaller.

The major . part of the drainage

network of the Plateau is divided into northerly-and southerlysloping drainage basins.

The watershed between these two major

divisions runs essentially east-west near latitude 37° 37'
in the northern part of Iron County.

The Gasconade and Meramec

river basins represent the main northerly-trending set and the
Whitewater, Castor, St. Francois, Black, and Current River basins
the other set (Fig. 2).

The southerly-trerrding streams coalesce

into major trunks which join the Mississippi River farther downstream.
The terrain near the major boundary streams and their principal
tributaries, especially in the southern area, is rough and deeply
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dissected.

Away from the major valleys the divides are broad

and low.
The writer agrees with Grawe (1945, p. 48) that "the primary
drainage of the Plateau is marginal, the secondary drainage is
radial,and the tertiary drainage is dendritic, or modified
trellised, where it is controlled by joints".

Objectives of Study
The recent (1962-1965) major lead ore discoveries in the
"New Lead Belt" of southeast t1issouri and the striking alignment
of most of the

ne~mines

in an essentially north-south direction

(The Virburnum Trend) suggested to many geologists the possibility
of a major structural control for these deposits.

These and the

iron ore discoveries in the southeast Missouri Iron Metallogenic
Province (Kisvarsanyi, 1966) increased the exploration tempo and
the interest in the structural setting of the region.

Dense

forests and thick residual soils, characteristic of most of the
area, hinder structural field work.

For this reason an investig-

ation of the feasibility of using lineaments and linears (1ineations)
analysis in the area was initiated by the writer.
During the preliminary phase of this project the writer was
faced with the

inconsistency of definitions and identification

criteria for lineaments and linears.

In fact, the whole technique

of lineaments and linears analysis is very little, if at all,
touched in most of the literature on structural geology.

Even

in the few specialized publications dealing with this kind of
analysis, the scale, magnitude• and recognition criteria of these
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linear features were never consistent.

For this reason, the

first objective of this study was to identify, define, and classify
lineaments and linears and describe the methods of their analysis.
The second objective was to investigate the possibility of
using drainage networks in lineation analysis, determine the airphoto lineation pattern of southeast Missouri, compare the
dra~_11age-based

and airphoto-based lineations of the same areas,

and check the variations of the patterns of drainage lineations
and airphoto lineations by changing the scale of the maps and
aerial photographs used respectively.
The third

obj~ctive

was to provide an explanation for the

actuating mechanism and origin of lineation patterns, relate the
airphoto lineation pattern to known structures and ore deposits
in the district, provide more information about the structural
control of the Mississippi Valley lead deposits of southeast
Missouri, and investigate the feasibility of using the technique
of lineation analysis as a practical exploration tool in the
Minerogenic Province.
In addition, a fourth objective was to discuss recent
improvements in and other applications of the technique of
lineation analysis.
To achieve these four major objectives the following procedural
sub-objectives were planned:
1.

To define and identify the inconsistently-used terms of

linears, fractures, lineaments, ••• etc., and outline their general
characteristics.
2.

To investigate the feasibility of using the drainage

networks• as traced from topographic maps of parts of the
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Minerogenic Province, in lineations analysis.
3.

To investigate the possibility of

usin~

airphoto mosaics,

airphoto indexes, and/or individual aerial photographs for
lineations analysis in the densely-£orested area of southeast
Missouri.
4.

To compare drainage and airphoto linears (and/or

lineaments) of the same area.

s.

To determine variations in lineation patterns (azimuth

and/or density) resulting from changes in the scale of topographic
maps (used in drainage analysis) or aerial photographs.
6.

To distiAguish any lineation patterns induced by lithologic

variations, viz.,
a.

Varying lithologies within the Precambrian complex

of southeast Missouri.
b.

Precambrian lithologies versus those in the

surrounding younger sedimentary formations.

7.

c.

Limestone and dolomite formations versus sandstones.

d.

Same lithologic unit in different geographic locations.

To distinguish any lineation patterns induced by structural

variations, viz.,

a.

a.

Different structural settings within the Ozark Uplift.

b.

Known faults in the area.

c.

Buried Precambrian hills and ridges.

d.

Major Paleozoic reefs and other primary structures.

To find and define linears and lineaments of local,

regional, and/or global nature.
9.

To suggest a theory on the origin of lineations.
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10.

To suggest any improvements in the technique of

lineaments and linears analysis.
11.

To consider other applications where this technique may

be of significant importance.

Methods and Procedures of Study
__Methods of Study
The first phase of this study began with the analysis of
lineaments and linears (lineations*) of the drainage network in
the New Lead Belt.

The utility of aerial photographs was

questioned at this stage because of the dense vegetation in the
area

while

the drainage lineation study was favored because

of the preferred orientation of many of the major streams in the
area which suggested that the streams were to a large extent
fracture-controlled.
The writer was privileged to confer with Dr. E. Marchesini of
Florence, Italy during his American Geological Institute-sponsored
tour in the

u.s.

(Spring• 1965).

After working with him on

aerial photographs of southeast Missouri many advantages of the
identification and interpretation of airphoto lineations in
densely-wooded areas were recognized.

An area of about 50 square

miles was analyzed for lineations on fairly detailed aerial
photographs at 1:20,000 scale.
Objectives of the study were then expanded to include a
comparative study of airphoto lineations in the "New Lead Belt", the
"Ol.d Lead Belt", the St. Francois Mountains,and the rest of the
---~-------~--------------------------~-----~~--------------------

*The definitions of the terms used are given on pages

75-77.
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l1inerogenic Province.

Because of the broad regional nature

of the expanded problem, smaller scale aerial photographs were
necessary.

Unfortunately, only parts of Shannon,

Den~

and

Reynolds Counties were covered by available high altitude photographs (approximate scale 1:70,000) of the
(distributed by the

u.s.

u.s.

Army Map Service

Geological Survey).

Only the Agricultural Stabilization and Conservation Service*
uncontrolled airphoto indexes, compiled to a scale of approximately
1 inch:! mile from aerial

photo~aphs

(1964) of 1:20,000 scale,

were available for the whole area intended for study.

A total

of thirty-eight (20" " x 24") airphoto index sheets were used.
Four such sheets commonly cover each county in the area except
for the smaller Iron and St. Francois Counties which are covered
by three sheets each.

The entire ten-county sized area (7,019

square miles) covering all of the Minerogenic Province was
analyzed for airphoto linears and lineaments using these airphoto
indexes.

A single Army Map Service high altitude airphoto index

sheet (Project No. 70-Area A-Sheet 14, scale approximately
1:350,000, and based on aerial photographs of 1:70,000 scale)
covering an area approximately 5000 square miles in and adjacent
to the southwestern part of the Minerogenic Province (including
Wright County and parts of Dent, Reynolds, Shannon, Carter, Oregon,
Howell, Texas, Ozark, Douglas, Christian, Webster, Dallas, and
Laclede Counties) was analyzed for airphoto lineations and the
pattern obtained was compared with those based on the ASCS lower
altitude indexes mentioned above.
-------------------------------------------------~---------------

*Henceforth referred to by the acronym ASCS.
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A sample area equal to

ei~ht

15' quadrangles (about 1880 sq.

miles) was analyzed f or lineations brtsed on simplified drainag e
patterns.

Drainage lineations of this particular sample area

were then compared with those based on the aerial photographic
study.
One of the eight above-mentioned quadrangles (approximately
235 - square miles) was analyzed twice for drainage lineations based
on maps of two different scales (1:62,500 and 1:24,000) and the
resulting patterns were compared.

The

Procedu~

of Airphoto Lineations Analysis

The airphoto lineations analysis involved several
steps.

A fluorescent light was first used during the analysis of

each airphoto index sheet.

Then another review was made in

bright sunlight and newly recognized linears and/or lineaments
added.

In the first step, each index sheet was mounted on an

easily rotated and tilted wooden drafting board.

Observations

were made at various angles to the airphoto indexes, first
vertically downward and then at different inclined angles.
Each sheet was rotated into 8 positions; four parallel to its
sides and four diagonal to these.

The source light was fixed

and the observer sat on a movable chair.
In the second stage of analysis, in sunlight, the drafting
board with its mounted index sheet was vertically placed on a
light, height-adjustable wooden stand.

The board, with its

airphoto-index, was rotated, as in the first stage, eight times.
For each sheet the height of the board was adjusted three times
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to get its upper one-third, middle one-third,and lower one-third
respectively at the examiner's eye level.

In this stage the board

and its stand were fixed in place, the source of light was
essentially constant in intensity and direction and the examiner
changed his position to view the photo at different angles.
An equal time was allotted to the study of each airphoto
index sheet and for each of the 8 positions of a sheet.
Three hours was the maximum time for continuous airphoto
lineation analysis to avoid eye strain and considerable fatigue,
which might contribute to producing unreliable results.
were plotted

dire~tly

Lineations

on the prints with a soft lead pencil.

The airphoto indexes were then laid aside for a period of 2 to
3 weeks and later re-examined (third stage) for linear features
which may have been missed in the first two stages.
Lineations of each airphoto index were transferred onto a
transparent overlay and india-inked over a light table.

The

fourth stage of analysis was completed on the light table also
with the overlays superimposed on the indexes.

This final stage

was carried out, usually a week after completion of the third stage,
to check the validity of the lineations already plotted, their
exact positions, and lengths, and to review the indexes once
more for any linear features missed in the first, second, and
third stages.

The transmitted light in this stage was very

helpful in completing the analysis.
A base map of each county studied was prepared with a scale
equal to that of the airphoto indexes (1 inch:l mile).

The ten

separate county base maps were then assembled and a north-south,
east-west equal area grid laid out for the entire assemblage.
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A convenient unit length of 15 miles per side was selected to
give equal unit areas of 225 square miles each.

For detailed

study of lineations the grid unit length was reduced one half
on a side (i.e., 7 1/2 miles) giving equal unit areas of 56.25
square miles each.

A serial alphabet letter along the vertical

axis and an arabic numeral along the horizontal axis of the grid
wer~

used for reference purposes starting from the northwest corner,

e.g., A-1, B-2, C-3 ••• etc.

For the unit areas of the finer grid,

designations as geographic quarters of the unit areas of the
coarser grid were used, e.g., A-1 SE, B-5 NW ••• etc.
For

quantita~ive

analysis, linear features within each 7 1/2

mile x 7 1/2 mile unit area were annotated.
miles were pencilled beside each line.

Lengths in lineal

The azimuth (bearing) of

each linear feature was measured in units of 10 degrees of
arc and similarly recorded.

A linear feature extending across

a grid line was counted only once on the side of its longer part.
The total number of linears (T.N.) and their total length (T.L.)
in each azimuth class were recorded on a specially-designed data
sheet for each unit area and their respective percentages
deter.mined.

The number of linears in percent (N%) of each class

was then plotted in the upper half of an azimuth-frequency (rose)
diagram and the respective length of linears in percent (L%) of
each class was plotted on the lower half.

The Procedure of Drainage Lineations Analysis
Topographic maps of the

u.s.

Geological Survey and the

Missouri Geological Survey were used for drainage lineations analysis.
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Ei.Ght 15' topographic quadrangle maps and four 7 1/2'
were used for this study.

The eight 15'

quadran~les

quadran~ les

represent

rt

rectancular area located near the center of the total area
studied.

These cover a district of many neH lead and some iron

ore discoveries within the "New Lead Belt".

The

quadran~les

are: Sullivan, Richwoods, Berryman, Potosi, Boss, Edgehill,
Corridon, and Lesterville (see Fig. 2, p. 3).
For each quadrangle the drainage network was traced and
tributaries less than one mile long were neglected.

On a second

overlay, straight lines (linears) were then plotted over the
straight sections.of the drainage channelways.

These linears were

then annotated and processed similarly to the airphoto linears
described above.

The azimuth frequency (A-F) diagrams of the

drainage linears of these eight 15' quadrangles were then
compared to their respective A-F diagrams of the airphoto linears
of the same quadrangles.
Four 7 1/2' quadrangles equivalent to the Potosi 15'
quadrangle were analyzed for drainage linears as noted above.
A special A-F diagram was plotted for each quadrangle.

A comparison

between these and the corresponding A-F diagrams of the four
quarters of the Potosi 15' quadrangle was used to test the possible
existence of variations in the patterns (azimuth and/or density) of
drainage linears resulting from changes in the scale of the maps used.

Previous Work
Geology of Missouri
The Missouri Geological Survey, established in 1853 1

..

-· ~~

.
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has done much to delineate the geologic framework of the state.
The 1961 r:;eologic map of the state, compiled by fvlcCracken

~

al.,

is reproduced in part as Plate I.
The Precambrian complex of the St. Francois Mountains has
been mapped in various degrees of detail in the last few decades.
Hayes ( 196la, 1961b) and Snyder and \-lagner ( 1961) summarized the
previous work and pointed out nomenclature and correlation
problems in this complex.

They provide a good set of references.

Absolute age dating of the Precambrian intrusives was determined
by

Allen~

al. (1959) and found to be between 1,200 and 1,350

million years.

Hayes (196lb), however, gives the figures of 1.4 -

1.45 billion years.
The configuration of the buried Precambrian surface of
Missouri was determined in 1960 by Grenia from subsurface well
data un Hayes, 1962b).
The relation between Precambrian hills and airphoto drainage

•

patterns in parts of Reynolds and Wayne Counties of southeast
Missouri was studied by Zarzavatjian (1958) and the detection of
buried basement hills (knobs) by geophysical means in southeast
Missouri was attempted by Palmer

(196~).

The Paleozoic stratigraphic section overlying the Precambrian
complex is fairly well known and formational contacts well
established except where complicated by facies changes.

The

stratigraphic succession in the southeast Missouri area, and in
the State of Missouri as a whole, is well described and a fairly
complete bibliography available (Ohle and Brown, 1954a;Snyder and
Emery, 1956; Snyder and Odell, 1958; and Koenig, 1961).

17

The geomorphic history of the Ozarks was recently reviewed by
Bretz (1965).

The regional fault pattern of Missouri is shown on

the geologic map of the state (1961).

Lineaments reflecting

structures in the surface and subsurface Precambrian rocks of
Missouri were described by Hayes (1962a and 1962b).
on regional structure were added by Heyl

~ ~·

Other details

(1965).

-- . Somewhat enigmatic circular fault and fold structures,
aligned in an essentially east-west direction across Missouri.
western Illinois,and eastern Kansas have been reviewed recently by
Snyder and Gerdemann (1965).
for these structures.

They suggest a cryptovolcanic origin

The Crooked Creek and Furnace Creek

structures and the Avon diatremes are included in the dissertation
area.

The Crooked Creek structure has been mapped and described

by Hendriks (1954

and~65)•

and Kiilsgaard et

~·

(1963) and

ascribed by Dietz (1961) as an astrobleme.
Wheeler (1965) recently suggested regional overthrusting as
an origin for the isolated Precambrian rock exposures in the St.
Francois Mountains.

Field and drill hole data. geophysical

information,and mining. however, offer stronger evidence that
these are exhumed and buried Precambrian knobs as suggested and
described by many geologists of the state.
Summary data on the mineral deposits of Missouri were published
by Kisvarsanyi and Searight (1965).

This map is reproduced in part

as Plate II.
Within the area of this study the most important metallic
ores are those of lead and iron.

Wagner

(19~7),

James (1951 and

1952), Ohle and Brown (1954a and 1954b), Snyder and Emery (1956),
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Brown (1958), and Snyder and Odell (1958) describe the geolor,y
and details of the lead deposits.

Data on lead and sulfur isotopes

of these deposits have been published by Kulp and Bate (1954),
Kulp, Ault,and Hiller (1956), Kulp,
~~·

Bate,!!_~·

(1956), Eckelmann

(1956), Eckelmann and Kulp (1959), and Brown (1962).

Small sedimentary and structural features as well as the
ore microscopy of some of the lead deposits have been discussed
by El-Baz (1961 and 1964) 1 El-Baz and Amstutz (1963), and Amstutz
~ ~-

(1964).

Good review articles on current mineral exploration in
southeast Missouri. have been written by Beall (1963) and more
recently by Weigel (1965a and 1965b).
General and detailed information on the Precambrian iron
deposits of southeast Missouri were published by Hayes (1957),
Weigel (op. cit.),and Kisvarsanyi (1966).

Lineaments and Linears Analysis
World-wide (global) linear features have been recognized
and described since the early decades of the 19th century (in
Umbgrove, 1947,

Cha~ter

XI).

to use the term "lineament".

Hobbs (1911), however, was the first
These early workers determined

lineaments mainly by examination of topographic maps and analyses
of drainage patterns.

Vening Heinesz (1947) 1 Sonder (1947 and

1956) 1 Umbgrove (op. cit.), Moody and Hills (1956),and many others
offered theories on their origin.

Boutakoff (1952) and Brock

(1956 and 1957) described these global lineaments and synthesized
them in a series of great stress circles encompassing the whole earth.
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On sub-continental and supra-regional scales, lineaments and
1inears were described by Fisk (1944) for the lower Hississippi
Valley and he was one of the pioneers to use aerial photographs

in his analysis.

Wilson (1948), Blanchet (1957), Mallard (1957a

and 1957b) and Haman (1961 and 1964) analyzed parts of the
Canadian Shield, Sternberg and Russell (1952) parts of the Amazon
and Hississippi- Valleys, Yallouze and Knetsch (1954) the Nile
basin, and Kelley and Clinton (196"0) the Colorado Plateau.
The origins of these linear features are discussed in the publications
by Wilson, Blanchet,and Mallard.
Mayo (1958), Twenhofel and Sainsbury (1958),and Badgely (1959,
1960,and 1962) studied lineament patterns and their relations to
mineral deposits.

Other work \-Tas done by Henderson ( 1960) and

Kupsch and Wild (1958).
On a regional and local scale, aerial photographs have been
used for lineation analysis in several areas, since the late
forties and early fifties.
Today, regional airphoto lineation analysis finds a. wide
range of practical applications in oil and mineral explora·tion,
search for thermal energy and ground water, and geological engineering.
Marchesini and his associates in Florence, Italy have attempted to
perfect this technique, automate it, and use it as a dependable
exploration tool (Harchesini, 1961; Harchesini
Marchesini

On

~

~

al., 1962;

al., 1963; and r,1 affi and Harchesini, 19€?4).

·a local (detailed) scale, Lattman and his students at

Pennsylvania State University attempted

~o

define and identify

llnears and lineaments from aerial photographs and supplement such
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work by field mapping of joints and other fractures in several
areas (Lattman and Olive, 1953; Lattman, 1958; Lattman and
Nicke1sen, 1959; Hough, 1959; Lattman and Matzke, 1961; Matzke,
1961; Lattman and Segovia, 1961; Keirn, 1962; and Lattman and
Parizek, 1964).
Airphoto linears and field-mapped joint patterns have been
also described and compared by Spencer (1959) in the Beartooth
l-tountains of Hontana, Brown ( 1961) in north-central Texas, and
r·1 cQueen ( 1963) and Boyer and McQueen ( 1964) in southern Burnet
County, Texas.
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Chapter II
REGIONAL GEOLOGIC SETTING
General Statement
Indurated rocks exposed in the area studied are mainly
Precambrian and Lower Paleozoic.

Precambrian felsites and granitic

rocks crop out in the St. Francois Mountains.

These are unconfor-

mably overlain by an essentially arenaceous formation followed by a
sequence of predominantly calcareous formations ranging in age
from Upper Cambrian to Lower Ordovician.
formations are recognized.

Nine well-defined

The sedimentary rocks encircle the

Precambrian exposure in the St. Francois Mountains and are
progressively younger outward.

A few small scattered outliers of

Mississippian and Pennsylvanian rocks occur in Phelps and Crawford
Counties.
The formations have a gentle dip for the most part of the area
except for the basal formations adjacent to Precambrian hills which
generally have higher-than-average dip values.

These higher dips

were attributed by many earlier workers to primary "initial dips".
However, Palmer (1966) believes they are largely the result of
compaction of lime muds by as much as 25 percent and that the
original surface must have sloped at a very low angle - probably no
more than four degrees.
A few small exposures of Cretaceous and younger rocks are found
in the downwarped

Missi~sippi

Embayment.

Residuum of variable thickness blankets the area and Recent
alluvium forms the cultivatable soil of stream valleys.
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The major part of the rocks noted occur within the eastnortheasterly elongated Ozark Uplift (Dome); a part of the stable
region of the North American continent.

The St. Francois Mountains

are the apex of this structural high and the sedimentary rocks have
a very gentle dip away from these Mountains.

In detail, minor folds

of northwesterly trend and a series of prominent northwesterlyand __ northeasterly-trending faults cross the structure.

Lithology
Precambrian Basement
· The largest exposures of Precambrian rocks in Missouri
occur within the St. Francois Mountains.

Major rock types are

felsites, granites,and some small basic intrusions.

No metamorphic

rocks are exposed, but Hayes (196lb) reports, on the basis of
available subsurface data, the existence of a belt of metasedimentary
rocks and gneissic granites, about 20 miles in width, trending
northeasterly across the north-central part of the state.

Kisvarsanyi

(1966) also records a local occurrence of biotite schist in association
with Precambrian volcanic rocks in cores from the Boss area in Dent
County.
The following brief description of igneous rock types in
southeast Missouri is based essentially on descriptions by Hayes
(op. cit. and 1961a), and Snyder and Wagner (1961).
Volcanic Rocks
The felsites are the oldest exposed formations and
consist of extrusive flows of commonly dark-colored rhyolite and
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trachyte with minor andesite in some places.
estimated thickness of several thousand feet.

These have an
Well-developed flow

structures and porphyritic texture are characteristic.

Brittleness

and massive character are common to these flow rocks.
The volcanics are commonly divided into two major divisions
separated in many places by a water-laid tuff.

The older, Middle-

brook Group, is mainly rhyolitic and has a characteristically high
potash-soda ratio.

The younger, Van East Group, has a larger

surface exposure and a somewhat similar mineralogical composition
but is mainly distinguished by a normal potash-soda content which
is much lower than that of the older group.
Intrusive Rocks
Granites
Granitic rocks in the area consist of a series
of stock-like bodies which in total have a batholithic dimension.
These are intruded into the felsites as an essentially concordant
body.

The granites are red, pink,or gray-tinted, medium- to

coarse-grained, in some areas porphyritic, and low in mafic minerals.
Two granite groups are recognized:

1) the Musco Group which occupies

a position between the felsites of the Middlebrook and Van East Groups,
and 2) the Bevos Group.

The Musco and Bevos Groups are believed

to represent two stages of emplacement.

In some places members of

the Bevos Group intrude earlier granites.
Basic Intrusions
Post-Devonian (Tarr and Keller, 1933) small
basic intrusions consisting of basalt, diabase, porphyries, and
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gabbros are described from southeast fviissouri.

The majority of

the dikes, sills, and cylindrical, pipe-like diatremes of this group
are poorly exposed and concentrated in the eastern part of St. Francois
and western Ste. Genevieve Counties (Kidwell, 1947).

Snyder and

Gerdemann ( 1965) have named these diatremes the "Avon Diatremes"
and attributed them to cryptovolcanic activity (See Fig. 4, p. 35
for ,location).

Most of these igneous bodies are generally small,

although a few are two to three miles long, and trend northward
although some are aligned in northeast and northwest directions
(Heyl et al., Plate I, 1965).

Sedimentary Rocks
The Cambrian System is represented by an Upper Cambrian
Series which unconformably overlaps the maturely-dissected Precambrian
surface.

Six formations are recognized in this series (Fig. 3).

Of the Ordovician System only the Canadian Series, of
Lower Ordovician age, crops out in the dissertation area; it is
represented by three well-developed formations.
Most of the following stratigraphic descriptions are based
on work of the Missouri Geological Survey, especially that edited
by Koenig (1961).

Areal distribution data and comments on thickness

and possible competence of the formations* are added by the writer.

Cambrian System
The Cambrian System is represented by the Upper
----------~------~--------------------------------------------~-----

*A brief literature review of the mechanical behavior of rocks, and
the characteristics and origin of joints can be found in Appendixes
I and II respectively.
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Cambrian Series which consists of six formations and acquires a
composite stratigraphic thickness of about 2,000 feet.
included, from oldest to youngest, are:
Derby-Doerun, Potosi, and Eminence.

The formations

Lamotte, Bonneterre, Davis,

The Davis and Derby-Doerun

formations form the Elvins Group.
Lamotte Formation
The Lamotte formation is essentially a medium- to
coarse-grained sandstone, frequently cross-beddedand has a welldeveloped basal arkosic conglomerate.
varies from white to brown.
are highly variable.

It is commonly yellow but

Porosity as well as stratification

The formation is competent and shows low

ductility·.

The Lamotte sandstone was deposited in a transgressive

shallow sea.

It unconformably overlies a Precambrian surface which

was well eroded and exhibited a rolling irregular topography with
local relief of several hundreds or even thousands of feet.

The

formation varies greatly in thickness; it reaches a maximum of 500
feet in local depressions and pinches out on the flanks of many of
the Precambrian-surface knobs and hills.
The Lamotte sandstone did not cover many of the Precambrian
topographic highs which, however, were later buried by younger strata
overlapping

th~

Lamotte.

Two large exposures of this formation occur to the east of the
St. Francois Mountains.

The largest is structurally controlled and

more or less triangular in shape extending from eastern St. Francois
County to western Ste. Genevieve County where it forms the core of
the northwesterly-trending Farmington anticline (Plate I and Fig. 4).
Its eastern boundary is the upthrown block of the Ste. Genevieve
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fault zone.

The other exposure, roughly rectangular, lies in

southern St. Francois and northern Madison Counties and is faultcontrolled.

Smaller exposures are in southern Washington County,

northern Madison County, and southern St. Francois County.

The

formation is persistent in the subsurface throughout the State of
Missouri except on some Precambrian highs.

Bonneterre Formation
This formation is typically lig.ht gray, medium- to
fine-grained, medium-bedded dolomite with thin beds and lenses of
limestone.

It is locally glauconitic and is believed to have been

originally a limestone formation which was later dolomitized.

These

dolomites conformably overly the Lamotte sandstone with the , lower
part representing a gradational facies change from arenaceous to
calcareous following a regional deepening of the basin of sedimentation.
The thickness ranges from 200 to 450 feet.
The formation is generally competent but shows some relative
variation in strength, especially in its lower part, due to the
presence of highly competent organic and reef structures and
incompetent local shaly intercalations.

Generally speaking, the

Lamotte and Bonneterre formations are competent and have low
ductility.

They are believed to behave structurally as a unit

(see Appendix I).
In detail, the formation is characterized by a complex facies
cnange within the "Old Lead Belt" and has been subdivided in this
mineralized district into at least 8 stratigraphic units.

This

greater detail in studying the Bonneterre formation resulted from
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attention given to it as the host rock of the world

reknowned lead

deposits in the so~theast Missouri Minerogenic Province.

Other

details will be given in Chapter III.
The Bonneterre outcrops surround the main area of Precambrian
exposures and extend to the area around the Lamotte exposure of
the Farmington anticline.

On the geologic map of Missouri (Plate I)

the _Bonneterre formation and the Elvins Group are shown as one unit.
Davis Formation
The Davis formation is the lower of two formations
comprising the Elvins Group.

It lies conformably on the Bonneterre

formation and contains dolomite, shales,and limestone conglomerate.
The dolomite is gray to buff and medium- to fine-grained.
are greenish-gray and fissile.

Shales

Flat pebbles and edgewise conglomerates

are common in the formation.
The dolomite units are competent, practically uncompressible,
and structurally brittle.

The shale units are incompetent, compres-

sible, and of high ductility.

Failure in the formation is believed

to be governed by the latter units.
Derby-Doerun Formation
The Derby-Doerun formation is the upper unit of the
Elvins Group.

It consists of thin- to medium-bedded dolomite

alternating with thin-bedded siltstone and shale.

Dolomitic beds

are commonly medium- to fine-grained and are buff to brown.

This

formation reacts similar to the Davis formation s~ructurally.

Potosi Formation
The Potosi formation is a thick-bedded, medium- to
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fine-grained dolomite with characteristic quartz druses, typically
brownish gray, and where weathered is light gray.

It is widely

exposed and encircles the St. Francois Mountains bounding the
Bonneterre exposures.

The Potosi and Eminence formations are shown

as one unit on the Missouri

~ologic

map.

In southern Washington County the residuum of the Potosi
formation contains barite deposits in commercial quantities.
The formation is competent and brittle.

Under stress it likely

yields by rupture and slippage along bedding planes.
Eminence Formation
The Eminence formation is principally medium- to
thick-bedded and medium- to coarse-grained cherty dolomite.'

Many

of the large caves and springs of the eastern Ozarks occur in this
formation.

Structurally, it reacts mainly as the Potosi formation.

Ordovician System
The Ordovician System has a combined stratigraphic
thickness of 3,800 feet and crops out around the flanks of the
Ozark Uplift peripherally outward from the Upper . Cambrian formations.
It is an arenaceous and cherty dolomite and sandstone succession.
Only the three lower formations of the Canadian Series, the Gasconade,
Roubidoux,and Jefferson City formations

are well-developed and

exposed in the area studied.
Gasconade Formation
The Gasconade formation is a predominantly light

brownish-gray cherty dolomite which unconformably overlies the
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Eminence formation.

Its basal unit, the Gunter member, is character-

istically arenaceous dolomite with rounded-frosted quartz
Caves and springs are common in this formation.

~ r a ins.

Competence and

low ductility characterize the sequence.
Roubidoux Formation
The Roubidoux formation is of variable lithology
which ranges from sandstone through dolomite sandstone to cherty
dolomite.

The sandstone is fine- to medium-grained with character-

istically subrounded frosted quartz grains.
are dominant on weathered surfaces.

Gray and brown outcrops

The dolomite is finely

crystalline, light gray to brown,and thinly- to massively-bedded.
The formation has a wide surface outcrop pattern in southern
Missouri and is present in the subsurface down dip from the outcrop
areas.

Roubidoux strata are mainly competent and brittle.
Jefferson City Formation
The Jefferson City formation is light brown to brown

and medium- to fine-crystalline cherty dolomite and argillaceous
dolomite.

Lenses of orthoquartzite and shale are locally present.

The formation is exposed around the periphery of the Ozarks, and is
characteristically competent and of low ductility.
Generally speaking, the Lamotte to Jefferson City stratigraphic
sequence can be divided mechanically into 3 units:

a lower

competent sequence (Lamotte and Bonneterre formations); an intermediate competent-incompetent sequence (Elvins Group); and an upper
essentially competent sequence (Potosi, Eminence, Gasconade,

and Jefferson City formations).

Roubidou~

Fracturing and bedding slippage
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represent the main means of stress relief in the first and third
units and yielding by plastic flow is believed to be important in
the intermediate unit.

The Elvins Group acts as a "lubricant" or

a ''hinge zone "in the stratigraphic succession of southeast Missouri.
If present in the subsurface it affects the magnitude and frequency
of fractures translated from the lower units to the earth's surface.
And .where exposed at the surface, the group is believed to affect
the density and length of fractures.
Exposures of the Silurian, Devonian, Mississippian, Pennsylvanian t
and Cretaceous Systems and Pleistocene to Recent alluvium are small
or limited in the ·dissertation area.

As a result, they do not

merit individual discussion.

Structure
Regional Setting
The Ozark Uplift, well known as the Ozark Dome, is in
the central structurally stable region of the Mid-North American
Continent.

It is an elliptical structure trending east-northeast

with long axis about 250 miles in length and an average width of
about 120 miles.

The structural apex of the Uplift is the St.

Francois Mountains where Precambrian rocks are exposed.

These

basement rocks are covered peripherally by a successively younger
sedimentary section with the sediments dipping gently and radially
away from this apex into several relatively shallow basins of
sedimentation.

The latter include the Arkansas Basin to the south,

the Cherokee Basin to the west, the Forest City Basin to the northwest,
the Central Illinois Basin to the

eas~and

the downwarped Mississippi
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Embayment to the southeast.

The regional dip is least toward

the Cherokee Basin on the west and steepest towards the Central
Illinois Basin on the east.

The regional dip toward the north is

generally less than that to the south (James, 1951).
The Ozark Uplift has been repeatedly and passively uplifted
since Precambrian time.

The Uplift was asymmetric and acquired a

maximum height near its eastern end in the St. Francois Mountains.
These mountains are bounded on the east and northeast by the northwesterly-trending Ste. Genevieve major fault zone.

This fault zone

and the Mississippi Embayment area continue to be seismically
active today

acco~ding

to M. McCracken (written communication, 1966).

She also summerizes the chief periods of deformation in the region
as follows:

1) Precambrian; 2) Post-Canadian - Pre-St. Peter -

Everton (Middle Ordovician); 3) Post-Lower Devonian- Pre-Mississippian
(may be Pre-Upper Devonian); 4) Post-Mississippian - Pre-Pennsylvanian•
5) Post-Pennsylvanian; ; and 6) Post-Paleocene- Pre-Eocene (Tertiary).
The Ozark Uplift is modified by various structural features.
Broad arches, structural basins and major faults are characteristic.
?

Major trends of these structures are northwesterly and northeasterly
with less prominent northerly and easterly trends.
Sediments were locally folded and/or faulted as a result of
the irregularity of the Precambrian surface (topographic and/or
structural) on which they were deposited.
~

A major fault system is located to the east and north of the
St. Francois Mountains.

This has been well-described by James (1951).

Major fault zones in southeast Missouri include the northwesterlytrending Ste. Genevieve, Simms Mountain• Wolf Creek-Greasy Creek,
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Shirley, Black, Berryman, Cuba,and Southwest Reynolds, the northeasterly-trending Big River,and the easterly-trending Palmer (Fig. 4,
Plate I).

The major fold structure in the area is the northwesterly-

trending Farmington anticline a few miles northeast of the St. Francois
Mountains.
In addition to the above mentioned directional structural features
of the Ozark Uplift, there are several local intensively-deformed
structural features of differing geometry roughly aligned east-west
in a zone between latitudes 36° N and 39° N and crossing southwestern
Illinois, central Missour\and eastern Kansas.

Eight such structures

were described by Snyder and Gerdemann (1965).

Of these the Avon

Diatremes, and the Furnace Creek and Crooked Creek structures are
included in the area studied.
The origin of some of these structures is debatable and opinion
is divided between cryptovolcanic and meteoritic impact genesis.
Each structure exhibits individual distinctive characteristics and
it is

possi~le

that not all of them are genetically related.

A regional lineament pattern was described for Missouri by
Hayes (1962a and 1962b) and the Mississippi Embayment area by Fisk
(1944).

In Hayes'

study, the lineaments were delineated on a map

showing the configuration of the Precambrian surface prepared from
available drill data, supplemented by gravity, magnetic and
surface geological information.

In Fisk's work aerial photographic

interpretation, well data, and geophysical information were used
and supplemented by field investigations.

In both studies major

northeast and northwest alignments of linears and lineaments were
observed (see Figs. 30 and 31).
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Figure 4.

Major structural features of the Southeast Missouri

Minerogenic Province and the neighboring Illinois-Kentucky Mining
District.

(After Heyl and Brock, 1961).
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GraVf:!:3 ( 1938) came to a simila.r con-::.l1lsion

thr.~ough

field

mapping and joint measurements in the Precambrian rocks of southeast
Missouri.

He suggested two promine:1t structural trends, one is north

50° west and the other north 40° east.
Hayes (op. cit.) and Graves (op. cit.) also noted that the

major struC'tural trends in the Paleozoic sediments of the Ozark
Uplift are similar to those of the Precambrian basement.

They

attributed this to rejuvenation of movement along the Precambrian
major struc·t ural lines.

Description of Major Structures
Ten major fault zones, an anticline,and three intensely-

disturbed localized structures are the significant structures cf
southeast Missouri.
Ste. Genevieve Fault Zone
The Ste. Genevieve fault zone is longer and more

complex in character than other faults in the Ozarks.

It extends

northwesterly for approximately 200 miles from northvrestern Tennessee
across southwestern Kentucky and terminates to th-: south of the
Hissouri Ri-.rer southwest of St. Louis..
is characteristic of the fault zone.

high angled

an~

In Missou::.•i, bifurcation
The individual faults are

the major break is considered as a thrust fault

associated with normal faults (vleller and St ..
overc3l.l

t~elative

block to be

Clai~

t

1928).

The

movement of this fault zone shows the northeastern

downthroh~, howeve~,

in

som~

direction of displacement is opposite.

of the fault cranches the
The maximum to"!:a.l stratigraphic

displacement is about 1200 feet although displacement 3long individual
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fault surfaces range from few to several hundred feet (James, 1951).
Movement has recurred and the zone is seismically active at present.
Simms Mountain Fault Zone
The Simms Mountain fault zone strikes northwesterly
along the west flank of the Farmington anticline in northeastern
Madison and southwest St. Francois Counties.

It lies along the

eastern flank of the St. Francois Mountains,which represent the
upthrown block of this fault

zon~and

terminates northward against

the northeasterly-trending Big River fault zone.

Parallel to

subparallel and branching small faults over a distance of more than
30 miles comprise this fault zone.

The maximum stratigraphic

displacement is about 600 feet (James, 1951).
Big River Fault Zone
This 20 mile fault zone extends from southeastern
Washington County where it intersects the Palmer fault zone through
northern St. Francois County to its juncture with the Ste. Genevieve
fault zone.

The Simms Mountain fault zone apparently terminates

against it.

The Furnace Creek structure occurs about two miles

northwest of the intersection of the aig River and Palmer fault
zones.

The fault zone, under discussion, is not well exposed in

some parts but evidently its northern end lies along the northwestern
nose of the Farmington anticline with the downthrown block on the
northwest.

Stratigraphic displacement along the fault zone approximates

120 feet (James, 1951).
This fault zone

as

well as the Ste. Genevieve and the Simms

Mountain fault zones are, at present, under an intensive new study
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(J. Gibbons, Personal Communication, 1966).
Palmer Fault Zone
The Palmer fault zone, approximately 40 miles long,
strikes generally westward.
from this direction.

Individual faults in this zone deviate

The fault is first recognized in southwestern

St. Francois County where it trends west-northwesterly to just
east- of Palmer then westerly into Crawford County where it intersects
the Crooked Creek structure.

The fault zone consists of a series of

parallel to subparallel and branching faults.

Displacement of up

to 200 feet with the north block down characterize the fault zone
(Hendriks, 1954).
Wolf Creek-Greasy Creek Fault Zone
This is a relatively small fault zone between the
Ste. Genevieve and Simms Mountain fault zones.

It is about 9 miles

long and extends northwesterly with its southern part striking
easterly.

The southerly

b~ock

is down and forms a graben structure

with a part of the Simms Mountain fault zone.

The Bonneterre and

Eminence formations are preserved in this block.

The older Lamotte

sandstone is exposed on both upthrown sides of this graben.

The

fault zone borders the southwestern end of the Farmington anticline
with stratigraphic displacement less than 50 feet.
Shirley Fault Zone
This fault zone trends northwesterly from near Shirley
on Highway 8 in Washington County for about 8 miles.
angled and has its downthrow on the southwestern side.

It is steep
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Berryman Fault Zone
This fault zone extends for a distance of about 55
miles in Washington, Crawford,and Franklin Counties (Fig. 4 and
Plate I) and has a variable trend.

The southern half trends

northwesterly and the northern part is roughly aligned northeasterly.
The southern end of this fault zone intersects the Palmer fault
zona.

The western block is downthrown and vertical displacement is

about 250 feet (James, 1951).
Cuba Fault Zone
This fault zone is approximately 35 miles long and
has a general northerly trend in its southern half from west-central
Crawford County to Gasconade County where it then bends northwesterly
to intersect Highway 50 in southeast Osage County.

Its location

west of the Berryman fault zone and displacement with downthrow to
the east result

in a complex graben structure between these two

fault zones where the Ordovician Jefferson City and the Pennsylvanian
Cheltenham .formations are preserved.

Black Fault Zone
This 24 mile long northwesterly-trending fault zone is
in northeastern Reynolds and southwestern Iron Counties.

Its upthrown

block is to the northeast toward the St. Francois Mountains.

Southwest Reynolds Fault Zone
This is a northwesterly-trending fault about 12 miles
long in southwest Reynolds County.

It is shown on the Missouri

Geological Survey map (1961) apparently based on surface and subsurface
evidence.

Thornton (1963), however, questions its existence from his

~0

field study of the area.
This fault and the Black fault zone are the only ones mapped
on the southwestern side of the St. Francois Mountains.

Othei' Faults
In a recent map by Heyl

~~·

(1965), 7 more faults

were shown in the St. Francois Mountains trending north-northeasterly,
northeasterly,. and northwesterlyo

These are believed to be mainly

tensional fractures developed on the peak of the Ozark structural
high.

No more information is available about these faults.

Farmington Anticline
The Farmington anticline is in western Ste. Genevieve
and eastern St• Francois Counties.

It is an open fold of north-

westerly trend, doubly plunging and with a gentle dip on the limbs
(James, 11 51).

The _structure is broadly outlined on the State

geological map (Plate I) by about 110 square miles of Lamotte
sandstone exposures.

The anticline is ; about 20 miles long, cut

by faults at both extremities, and the Ste. Genevieve fault zone
parallels its northeastern limb.
out in

val~eys

Some Precambrian inliers crop

near the core of this structure.

Other Folds
Hey!~

al. (op. cit.) depicted a small anticlinal

fold in northeastern Dent and southern Crawford Counties trending
north-northwesterly for a distance of about 10 miles.

It is

approximately 5 miles east of Boss and its southern end near Howes
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Mill (see Plate I for town locations).

Avon Diatremes
A concentration of basic igneous dikes and "cylindrical"

funnels or chimneys called "diatremes" occurs in an area of about
100 square miles in western Ste. Genevieve and eastern St. Francois
Cou~ties,

anticline.

on the southern and southwestern limbs of the Farmington
About 79 dikes and pipes are reported by Kidwell (1947).

He classified these into 3 main types:

1) ultrabasic types with a

few inclusions and of non-explosive origin, 2) breccia of sedimentary
and igneous origin.in an altered ultrabasic matrix, and 3) sedimentary
blocks with a small amount of carbonate and highly altered ultrabasic matrix.

These igneous bodies are believed to be Post-Devonian

(Tarr and Keller, 1933).

Snyder and Gerdemann (1965) summarize

the sequence of events at Avon and ascribe the origin of these
bodies to intermittent explosive release of volcanic gases from
a relatively shallow alkaline magma chamber.

Furnace Creek Structure
This structure is a short distance northwest of the
intersection of the Palmer and Big River fault zones.

Snyder and

Gerdemann (1965) describe it as " ••• an ejecta-filled crater in
Lamotte sandstone surrounded by a thin layer of volcanic ash in
the lower part: of the Bonneterre formation",
approximately 7,000 feet in

diame~er

The crater is

and at least 400 feet deep.

They believe the structure is a result of submarine volcanic
eruption • .
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Crooked Creek Structure
The structure, located in southwestern Crawford
County, is polygonal in outline and is bounded by high angle faults.
It has a maximum north-south diameter of about four miles and an
east-west diameter little more than three miles.

The structure

lies at the western end of the Palmer fault zone and the projected
intersection ·o f this fault zone and the Cuba fault zone.

The latter

has not been recognized in surface mapping this far south (Snyder
and Gerdemann, op. cit.).

The outer zone of the structure consists

of a ring syncline within which is a ring anticline encircled by
high angle faults (Hendriks, 1954).

The central part is down-faulted

on the southeastern side and within the core is a smaller "dog-leg"
shaped horst block.

The Bonneterre is the oldest rock formation

exposed; the youngest is the Jefferson City formation.

Differently-

oriented shatter cones have been found, by Hendriks (op. cit.),
Snyder and Gerdemann (op. cit.), and others near the center of
the structure.

Snyder and Gerdemann consider the structure of

cryptovolcanic origin and argue that the central dog-leg horst
block can be better explained by a "second explosive pulse of
the cryptovolcanic activity".

Hendriks (op. cit. and 1965), however,

favors a meteroritic .impact origin, and Dietz (1961) considered
the structure an astrobleme.
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Chapter III
THE SOUTHEAST MISSOURI MINEROGENIC PROVINCE
General Statement
World reknown lead deposits in Lower Paleozoic sediments of
the "Old Lead Belt", recent discoveries of a "New Lead Belt",
exploration for and development of large magnetite-hematite deposits
in the Precambrian rocks, and continued exploration for and mining
of extensive barite deposits make the southeast Missouri area a
rather unique minerogenic Province.

The areal extent of this

Province covers at least 9 counties of the 10 covered by this study,
the

westernmost ::ounty (Phelps) being excluded.
The southeast Missouri Minerogenic Provinces'r is the major

producer of lead ore in the United States.

For nearly 100 years

it has supplied between 25 to 50 percent of the primary lead mined
in the United States.

Total production has exceeded 300 million

tons of ore producing about 8 million tons of metallic lead valued
at more than one billion dollars.

Recent lead ore discoveries have

increased reserves of lead ore in the Province by about one billion
tons of ore which could produce approximately 30 million tons of
lead metal.

This will rank the Province as the leading lead ore

producer in the Western Hemisphere (Ohle and Brown, 1954a; Weigel,
196 Sa) •

In addition to the new and important lead ore deposits, large
iron deposits have also been discovered.

These, discovered in the

last 12 years, may have added reserve·$ of iron ore of about a
billion tons.

-------------------~-------------~-------------------------------~--*Henceforth J'eferredto simply as the Pr-o vince.
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In the last 22 years costs of exploration for lead and iron
are estimated at 75 million dollars (Engineering and Mining Journal,
1966).

Exploration activities continue and new discoveries are

possible.
Missouri has been the largest barite producer in the
.1960.

u.s.

since

Most of the production comes from Washington County.

Lead Deposits
General Remarks
Because the lead deposits of both the Old and New Lead
Belts are so important economically as well as for the objectives
of

this study, a brief description of their occurrence, controls,

and geologic setting is added.

For more detail refer to the

references cited.
The lead deposits in the Province are considered typical of
the "Mississippi Valley Type".

Other deposits of this type are

also known in other parts of North America, Europe, Africa,and
Australia.

While local variations in shape, size, and mineralogy

(kind and frequency) of ore bodies occur in individual districts,
in general, they have distinctive characteristics common to all.
Ohle (1959) summarizes these characteristics as:

absence of igneous

rocks that are potential sources of ore solutions, simple mineralogy,
low precious metal content, occurrence in limestone or dolomite,
bedded replacements and veins, most common location in passive
structural regions, shallow depth, and relation to positive structures.
The Old Lead Belt is a roughly rectangular northwesterly-oriented
area about 60 miles long and 6 miles wide in St. Francois and
northern Madison Counties, (Ohle and Brown, l954a).

More than 90

percent of the production has come from an area of about 60 square
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miles centered on the town of Flat River (Hagner, 1947), and
generally within 500 feet from the surface (see Fig. 5 and
Plate II for locations).

Near the southern end of this Lead Belt

mineralization occurs in northeastern Madison County around the
town of Fredericktown.

Here the first recorded mining \-tas done

in 1720 at Mine Lamotte (Fig. 5).
Lead ore exploration into the 1930's and 40's assumed that
lead mineralization was confined to the eastern side of the
St. Francois Mountains within the Old Lead Belt.

In 1943, St. Joseph

Lead Company, the major operator in the Province, began an
extensive exploration program outside that area.

This culminated

in the discovery of the Indian Creek ore body in 1947 and a
producing mine by 1954.

This development resulted in a considerable

interest in the Province and accentuated exploration activities
around the St. Francois Mountains.
Discoveries in the last two decades by several companies have
been concentrated along the so-called "Viburnum Trend" or the "New
Lead Belt" in southwestern Washington, western Irol'\ and western
Reynolds Counties (Fig. 5).

These discoveries have been described

by Beall (1963) and more recently by Weigel (l965a and 1965b).
Ore occurs at depths of 850 to 1200 feet below the surface.
t1ineralization Characteristics
In the northern Old Lead Belt the ore is of simple
mineralogy.

It consists essentially of galena with minor sphalerite

(ratio of PbS:ZnS = 50:1 according to Callahan, 1964) and pyrites.
To the southeast in the Fretlericktown area the ore is much more
complex.

In this area and in addition to galena, the principal ore
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mineral, chalcopyrite, marcasite, pyrite, bravoite (nickeliferous
pyrite), and siegenite (cobalt-nickeliferous pyrite) are present.
Gangue minerals include dolomite with smaller amounts of calcite,
glauconite, quartz, and clay minerals (Wagner, 1947; El-Baz, 1964).

Ore Controls in the Old Lead Belt
Stratigraphy
The bulk of the lead ore in this district is stratigraphically controlled and concentrated in the Upper Cambrian
Bonneterre formation especially in its lower half.

The formation

is about 375 to 400 feet thick and is lithologically complex,
particularly the basal units.

It is mainly underlain by sandstone

(Lamotte) and capped by shale (Davis).
Variations in thickness, appearance, lithology, and diagenetic
and/or secondary alterations partly and sometimes completely
obliterate the original characteristics of the formation, and
making its subdivision difficult.

Wagner and Jewell prior to 1947

(in Ohle and Brown, 1954a) subdivided the formation into 8 principal
units (or zones) numbered from top downward 1, 3, 5, 7, 10, 12, 15,
and 19.

Unit number 1 is immediately below the base of the

imprevious Davis formation.

The 19th unit is a sandy dolomite

transitional to the underlying Lamotte sandstone (Fig. 6).

According

to Ohle and Brown (op. cit.) these units are commonly identifiable
in ore-bearing areas but not readily identified outside.

They believe

that it is possible that some of these units acqJire their characteristics because of alteration, possibly of hydrothermal origin, that
preceded or was associated with ore deposition (ground preparation).
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Each of the eight units of the Bonneterre formation is known
to be mineralized to a variable extent in different places within
the Old Lead Belt.

Ore is much more limited in the upper units

and restricted to the area around the town of Bonne Terre.

l1ajor

production has come from the contact zones 7-10, 12-15, and 15-19.
At each unit the ore has its own characteristics.

At the above

mentioned three stratigraphic contacts the ore is consistent and
laterally widespread.

In contrast, ore in the reef units, e.g.

number 7,is usually much narrower and unevenly distributed (Ohle
and Brown, op. cit.).
Reef Structures
According to Snyder and Emery (1956) organic and
reef structures are eommon at and near the base of the zones
number 12 and 15, and throughout zone number 7.

Those in the lower

part of the section are now tan-gray colored, compact dolomites
locally called "marbles".
Precambrian topography greatly affected sedimentation in the
Bonneterre Sea as it did during the deposition of the Lamotte
formation.

The Precambrian topographic (and structural) highs

apparently channelled the currents and waves in a shallow marine
shelf environment especially during the deposition of the Upper
Lamotte sandstone and the Bonneterre transitional unit number 19.
Sand bars and spits with a common northeast alignment were developed
in the location of the Old Lead Belt.

Algal reefs and biostromes

developed on the flanks of these bars, spits, depositional ridges,
and arches (Fig. 7).

However, other reef structures, locally

called "rolls" commonly trend northwesterly (Snyder and Emery, op. cit.
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and Ohle and Brown, op. cit.).
The ridges are composed of calcarenite and organic algal
deposits, while the shallow, narrow "basins" of sedimentation
between the ridges have distinctively fine-grained texture and
consist of carbonate mud (i.e., calcilutite) and argillaceous mud
(Snyder and Odell, 1958).

Differential compaction resulted in

porosity and permeability differences in the hinge areas between
the organic, reef, and ridge structures and the fine sediments
of the "basins".

These hinge areas are suggested as important

channelways and sites of deposition for the mineralizing solutions.
The "roll" structures also provide suitable complex host structure
for ore deposition although not all such structures are mineralized
in the district.

Breccia Zones
Frequently, differential compaction along the flanks
of depositional ridges and arches caused slumping of unconsolidated and
partly lithified sediments basinwards, resulting in major slump breccia
zones in the lower part of the Bonneterre formation (Snyder and Odell,
op. cit.).

These zones occasionally acted also as localizers of ore

solutions and sites for deposition of the ore minerals, especially
where they were directly connected with an underlying favorable
ore horizon.

Precambrian Knobs and Ridges
The Precambrian topographic highs acted indirectly
in ore localization. · As earlier noted, the Lamotte sandstone was
deposited in topographic lows in the Lamotte Sea and pinches out
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laterally against Precambrian highs.

The later Bonneterre Sea

was more transgressive and more extensive, and overlapped all of
the Lamotte onto or over many of the igneous rock topographic highs "
Ore solutions, in one of the genetic concepts (epigenetic,
hypogene), favored by most geologists in the area, are believed
to have moved upward from depth through fractures in the Precambrian
rocks and then up dip along the Lamotte-Precambrian unconformity,
through the pervious Lamotte sandstone and also through fractures
until they intersected the base of the more chemically favorable
Bonneterre formation where the ore minerals were precipitated.
Thus, the Bonneterre dolomite above the pinchout line of the Lamotte
sandstone is considered a favorable zone for ore localization*.
Structure
Geologists in the Province agree that not all known
faults in the district are mineralized or acted as channelways for
ore solutions.
and a

Faulting has continued over a long period of time

s~gnificant

part of it was later than the known mineralization.

Some of the observed faults and fractures are mineral bearing and
show alteration by hydrothermal (?) solutions such as those
suggested by Ohle and Brown (1954a) and Brown (1958).
*Other major hypotheses for the origin of these deposits suggest:
1. Precipitation and crystallization of ore minerals at the time
of deposition of the sediments and/or during diagenesis (syngenetic,
supergene).
2. An exhalative (submarine volcanic) origin of the ore fluids
rising upward from the Precambrian basement into the depositional
basin in time and place of the Lamotte sandstone and Bonneterre
dolomite deposition (syngenetic, hypogene).
3. Original scattered deposition with modification by circulating
ground water moving up (or down) (epigenetic, supergene).
For further comments on the genesis of these deposits see Amstutz
(1958), Ohle (1959),and Chapter IX.
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James (1951, 1952) favors a structural environment as locus
of lead ore emplacement.

He recognizes three types:

1) fault

zone, 2) knob and ridge, and 3) structural block environment.
The fault zone structural environment is especially developed
in the northwestern corner of the area studied, mainly along the
major fault zones in the district, i.e., the Ste. Genevieve, Big
River, Palmer, Berryman, Shirley, and Simms Mountain fault zones.
Although no large ore bodies have been discovered in this structural
environment, it is of interest because it provided most of the lead
production in the early history of the Old Lead Belt.

Observed

mineralization was usually narrow, followed the pattern of the
individual fault zones and was of limited lateral and vertical
extent.

Subsurface workings usually paralleled known surface

joint and fracture systems.

Mineralization of varying intensities

occurred through a 1500 foot stratigraphic sequence extending from
the Lamotte to Roubidoux formations.

The most favorable horizon

was at or near the Potosi-Eminence formational contact.

Most

mines were not along the fault zones of maximum displacement but
marginal to them.
In respect to the knob and ridge structural environment James
recognized a regional and local fracture system in the sediments
adjacent to knobs and ridges in subsurface workings.

The regional

pattern corresponds to that noted throughout the district at the
surface.

The local system is more closely related to the shape of

the knob or ridge and commonly controlsthe position of the ore
bodies.

He suggested that fractures bend with the curvature of

the Precambrian highs but diverge at sharp curvatures.

In subsurface

mine workings, local fractures are found to be more abundant in the
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sediments above the pinchout line of the Lamotte sandstone and
usually developed parallel to the configuration of the Precambrian
high.

Similar observations are also reported by Palmer (1966).

This structural environment has been also noted by many workers in
the southeast Missouri Minerogenic Province, although its importance
is considered less than that of reef and breccia zones as loci of
ore .deposition.
James describes the structural block environment as one characterized by extensive disseminated lead ore of wide areal extent.

The

block, named the Flat River structural block, is triangular in
shape, and is bounded by the Farmington anticline, the Big River
fault,and the Simms Mountain fault zone.

These bounding structures

resulted in an overall tilting of the block southwestward with
consequent reversal of the regional dip from northeast to a few
degrees southwestward.

James suggests a northwest alignment of

the ore bodies when the block was viewed as a whole.

Actually,

he recognized the direction which was described later by Ohle and
Brown (1954a), and Snyder and Emery (1956) as the major trend for
reef structures (rolls).

However, James did not recognize the

northeast "ridge" direction described in these later publications.
James believes that the Flat River structural block localized the
deposition of ore solutions in the Old Lead Belt because of the tilting
and reversal of ·the regional dip.

However, new discoveries of lead

deposits along the Viburnum Trend and on the north side of the
St. Francois Mountains threw some doubt on the importance of the
reversal of regional dip to the ore deposition in this structural
environment and the validity of the notion that major discoveries
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are essentially associated with this Flat River structural block.
Several other workers in the Province support the concept
that fractures and fracture systems, not necessarily faults,
played a role in localizing mineralization in the Lead Belt.
Ohle and Brown (1954a) for example, believe that fracture zones
exerted a secondary influence where depositional arches and ridges
were_ present.

In the absence of these, fractures may have been

the dominant factor for ore localization.

Earlier Tarr (1936)

postulated that
The [ore*] solutions rose along joints (faults?) in
the Pre-Cambrian igneous rocks ••• Apparently, these joints
were not the present day faults which show no evidence of
mineralization, but more probably were joints (and faults)
or even shattered zones in the igneous rocks now buried
under the ore bodies. These joints may have been somewhat
parallel to the present faults (suggested by the LeadwoodBonneterre alignment parallel to the Big River -fault and
the Leadwood-Flat River alignment parallel to the Simms
Mountain fault) but there is no proof of this. The ore
solutions were fed into the La Motte sandstone, and from
it into the Bonneterre dolomite. This occured mainly over
or around buried hills of Pre-Cambrian igneous rocks, or
at anticlinal joints in the LaMotte-Bonneterre contact.
Results of Isotopes Study
The joint study of lead isotopes in the Old Lead
Belt by the staff of the Columbia University Lamont Geological
Observatory group and the St. Joseph Lead Company, added some
interesting observations on the distribution of the ore solutions,
their source,and their relationships to structures.

!:!.

Eckelmann

al. ( 1956 ), for example • report that
Variations in lead-isotope composition, .along structures
known to have affected migration of ore solutions, indicate
that the earliest mineralizing solutions contained maximum

--------------------------~--------------------------------------*Insertion by the present writer,
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amounts of radiogenic lead as compared to solutions responsible
for later phases of mineralization. This parameter is used
to determine the pattern of mineralization in areas where the
controlling geological features are less obvious.
In 1959, Eckelmann and Kulp, based on their study of the Bonne
Terre mine where according to them, the geologic relationships are
relatively simple and maximum isotopic data are available, note that
••• the lead-isotopic composition near ore channels is
··-· most radiogenic.
In stratigraphically higher zones and at
greater distances from the point of ore introduction the
deposit contains progressively less radiogenic lead reflecting
the sequential deposition of ore •••
As to the mechanism of transport of the ore solutions Eckelmann
et al. (op. cit.) conclude that
In thoroughly sampled areas the data indicated the
relative importance of lateral versus vertical movements
of ore-bearing solutions. The former is commonly controlled
by northeast-trending ridge structures, the latter by breccia
zones, faults, reef structures,and permeability variation
which may direct solutions both vertically and horizontally.
Basement knobs protruding into the lower Bonneterre are
established as important areas for concentration of ore
solutions prior to introduction into overlying dolomites.
As to the age and origin of the ore solutions Eckelmann and
Kulp (op. cit.) state that
The age of the source environment appears to be about
1400 m.y. based on the lead isotopic data and a Rb-Sr age
determination. The most probable mechanism for the formation
of ore solutions appears to be inhomogeneous extraction of
the lead from granitic rocks in the basement resulting, in
the simple cases, in ore solutions with gradually increasing
ratio of common rock lead/radiogenic lead.
Ore Controls in the New Lead Belt (Viburnum Trend)
Published data on the '. "Old Lead Belt provide a clear
picture of the geological setting of the area even though conflicting
opinions still exist on the genesis of the deposits.

For obvious

reasons, little has been published on the New Lead Belt.

However, it
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is known that

the ore characteristics are similar to those of

the Old Lead Belt both in mineralogy and geologic setting.

The

Bonneterre formation in the new area, however, is thinner (about 275
feet) than to the east in the Old Lead Belt.

Ore-bearing horizons

number 12, lS,and 19 of the Old Lead Belt may be missing in the
New Lead Belt and even if present may carry only little ore values
(Weigel, 1965a).
Weigel (op. cit.) describes the Viburnum Trend as a
zone more or less continuously mineralized with an average width
of half a mile and a length of about 45 miles.

The zone is elengated

essentially in a rlorth-south direction although its central part
trends northwesterly and both its northern and southern ends
trend northeasterly (Fig. 5).

The zone of mineralization has not

yet been sharply delineated.
Weigel suggests that the primary control in this unusual zone
may have been a Precambrian escarpment or a line of islands
originally resulting from uplift on a Precambrian fault.

A massive

Bonneterre algal reef structure is aligned parallel to the Viburnum
Trend and much of the known lead ore is associated with it.

Here,

as in the Old Lead Belttreef units of the Bonneterre formation show
conspicuous lateral facies changes.

Iron Deposits
Several types of iron deposits are known in Missouri.

The most

important are the recently discovered magnetite-hematite deposits
in the Precambrian rocks of southeast Missouri.

These are concentrated
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in a northwesterly-trending zone about 70 miles long and 40 miles
wide in the central part of the Minerogenic Province (Fig. 5),
recently classified as an "Iron Metallogenic Province" (Kisvarsanyi,
1966).
The oldest known of these deposits are the exposed Precambrian
Pilot Knob and the Iron Mountain bodies which have been mined since
183!)_ and 1843 respectively.

Much less significant and of smaller size and different
origin are the widespread near-surface iron deposits of residual
and sink hole type found in almost every county of the Ozark region.
These have been known since the 17th century (Hayes, 1957).

Iron Deposits in the Precambrian Basement
Kisvarsanyi (1966) notes five major discoveries of
Precambrian magnetite-hematite-apatite deposits and a magnetitecopper sulfide body within the Minerogenic Province in the last
12 years.

Numerous smaller deposits of Precambrian age are also

known in the area.

Bourbon, Iron Mountain, Kratz Spring, Pea Ridge,

new Pilot Knob, and Boss-Bixby are the major finds.

The first

five are magnetite-hematite-apatite deposits with variable magnetite
and hematite ratios in Precambrian volcanic host rocks.
deposit has magnetite with some copper sulfides.

The Boss-Bixby

The deposit

occurs at or near the contact between a Precambrian syenite body
and volcanic country rocks.
According to Kisvarsanyi (op. cit.) ore emplacement was
controlled by lithology and structure.

Volcanic flow interfaces

and some beds served locally as channelways for iron fluids although
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the deposits were mainly emplaced along fracture zones. and have
cross-cutting relations.

Brecciation is reported near the contacts

of some of the iron bodies.

The deposits are generally tabular,

massive, cone-shaped, dike-like or irregular, of variable size and
commonly steeply inclined.
Epidotization and silicification are common alterations around
the _deposits.

Locally in and near the deposits apatite, fluorite,

actinolite,and coarse biotite flakes are common (Weigel, l96Sa).
Kisvarsanyi (op. cit.) and Kisvarsanyi and Proctor (1966) suggest
varied origins for the deposits.
hydrothermal

repla~ement,

Pilot Knob is considered an

Shepard Mountain an hydrothermal vein,

Boss-Bixby probably contact metasomatic, and Bourbon, Iron

t~ountain

and Pea Ridge deposits ore magmatic injection types.
Residual and Sink Hole Iron Deposits
The residual surface iron deposits are generally named
"brown iron ores" and consist chiefly of limonite.

These residual

brown iron deposits are widespread in southeast Missouri (Plate II).
They have been mined extensively although the tonnage produced from
individual deposits is usually small.
residuum of the Jefferson City,

Main occurrences

Roubidou~and

are in

Gasconade formations.

Sedimentary brown iron ore production reached an all-time high
of 113,298 tons in 1956 (Hayes, 1957).

After 1956 the production

figures were greatly overshadowed by the accelerated production
from the new magnetite-hematite Precambrian deposits of southeast
Missouri

60

Barite Deposits
Barite is the most important non-metallic commercial deposit
in the Province.

The most active center of its production is in

Washington County.

The deposits are scattered over the northeastern

quarter of the county with smaller oeeurrenees in its southwestern
corner (Plate II).
_ . Major production comes from a zone close to the surface
exposure of the contact between the Potosi and Eminence formations
(Muilenberg, 1954).

Most of the deposits are of the residual type

and are derived from the two formations above mentioned.

Barite

occurs in a residuum of red clay, quartz druse, chert and scattered
limonite.

Muilenberg (op. cit.) describes the residuum as being

of variable thickness ranging from few inches to more than 40 feet
and probably averaging about B feet.

In some places barite seems

to be concentrated close to the bedrock but in the areas producing
at present the barite distribution is more or less even throughout
the residuum thickness.

He mentions that small barite veinlets

occur in the bedrock but in most cases these are too small and
discontinuous to be mined economically.
Brobst (1960, p. 56) notes that
•••• single areas of many acres may be ore-bearing,
but the richest parts of the deposits form "runs" or
"leads" 10 to 20 feet wide and several hundred feet
long. Some deposits contain as much as 20 to 25
pet barite.
Missouri has been the largest barite producer in the United
States for four consecutive years (Cole, 1965).
reached 211,100 short tons valued at more than

Production in 1965
~

million dollars
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(Hineral Industry News, 1966).

Although most of this production

comes from the southeast Missouri barite center in Washington
County some production comes from central Hissouri.

The barite

in this latter area occurs in l"ocalized solution-produced cavities
and locally r efetr e::l to as "circle deposits".

These are closely

related to "filled sink" deposits (Huilennerg, op. cit.).
Manganese Deposits
Manganese oxide minerals · are scattered in various places in
the Province, especially to -the south of the St. FrancoisMountains
and the N·ew Lead Belt, mainly in Madison, Iron, Carter, Reynolds,
Shannon, and Wayne

C~unties

(Plate II).

Manganese oxide concentrations

occur in che-r t breccias and residual clays.

Some replacements

of volcanic beds and veins occur in Iron and Reynolds Counties.
Commercial production from these

deposi~s

has been very limited.

Minor Metallic By-Products _
Zinc, cadmium, silver, coppe-r , nickel, and cobalt in variable
minor amounts are produced as smelter by-products of lead ore
smelting from deposits in southeast Missouri.

Not all these minor

constituents occur together in all ores from different districts
within the- province.

For example, cadmium and silver are usually

as·soc1ated with zinc concentrates.
associated -with zinc.

But copper ·is not . commonly

Copper, - nickel,aild cobalt are common in

ores from the Freqericktown c;listrict.
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Chapter IV
CHARACTERISTICS OF LINEAMENTS AND LINEARS
Terminology
Although few terms are commonly used in studies of lineaments
and linears these are usually very loosely defined and frequently
contradictory.

Every author appears to have his own guidelines

and parameters for naming and defining his observations.

A

summary review of common current terminology and definition,
a proposed nomenclature and classification of linear features,
a description of the parameters commonly used for their
identification, and methods of their presentation are included
in this chapter.
Lineaments
Hobbs (1911) is credited with coining and first using
the term "lineaments".

He defines these lineaments as "significant

lines in the earth's face".

In 1912 he added (in AGI Glossary;

Howell and Weller, 1960)
These significant lines of landscapes which reveal
the hidden architecture of the rock basement are described
as lineaments. They are character lines of the earth's
physiognomy.
Sonder (1947) states that
Lineamental structures are related with jointing
phenomena in general. They occur not only as features
and results of reactions of the whole crust as a unit
but also as a result of local folding of strata which
theoretically should be kept apart from jointing
affecting the entire crust. Not all joints are
related to crustal splitting.
Wilson (1948), following Ransome (1915), defines a lineament as
"a large zone of many parallel or nearly parallel lines or faults".
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This definition ·was also adopted - by Twenhofel and Sainsbury (1958 ).
Kaiser (1950) describes a lineament as "a straight linear surface
feature that is at least many hundreds of feet and commonly many
miles long".

Hills (1953, p. 48) describes lineaments as part

of '' ••• a world-wide pattern in features such as faults, fractures,
and major relief forms, for example, continental margins and
submarine ridges".

He (1963, p. 455) uses the term "lineament"

as a "straight
physiographic element"
and cautions that ~ecent
.
.
.

.

substitution of the term "linears" in place of lineaments "•••
robs the concept of much of its symbolism".

Billings . ( 1954,

p. 160) states that a lineament "is any topographically controlled
line on an aerial photograph".

He adds that "lineaments may be

produced by faults, joints, bedding, foliation, or even lineation".
Brock (1957) defines the term thus:

"A lineament -is a geological

or topographic alignment of a p1:"ecision which rules out

- f~rtuity"

'

He adds that "lineaments occur on any ·s cale and are part of every
geological environment".

In another part of _his article he

comments that
••• a lineament may be straight or arcuate. The
former is a sector of a great circl~.~.the arcuate
lineament is composed of sectors of a nTh~ber of great
circle lineaments, hence for any restricted length of
an arcuate lineament one is in effect dea_ling vrith a
rectilin-eament.
· He further clarifies that
••• lineaments in -their natUI"e involve . a number of
different thing~ and are rnanifested_in many ways.
Confusion of origins is inevitable. If on~ could
disentangle the origins the need for the term lineament_ would di_sappear. What emerge~ i'll the meat:1time is
an unexpected relationship between (for instance) an
established tectonic feature and others which were
hitherto thought fortuitous.

•.
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t1ollard (1957a and 1957b) uses surficial lineaments or
simply lineaments for linear features on aerial photographs
regardless of their length.

Kupsch and Wild (1958) use the

term "lineaments" as "surface expression of faults".

Lattman

(1958) defines • photogeologic lineament (or simply lineament)
as:
A natural linear feature consisting of topographic
··· (including straight stream segments), vegetation, or
soil tonal alignments, visible primarily on aerial
photographs or mosaics and expressed continuously for
at least one mile, but which may be expressed continuously or discontinuously for many miles. Only natural
linear features not obviously related to outcrop pattern
of tilted beds, lineation and foliation, and stratigraphic
contacts are classified as lineaments.
Included in this
term are joints mapped on aerial photographs where bare
rock is observed.
Haman ( 1961) classifies lineaments into two categories ·,
micro-lineaments and macro-fractures.
micro-lineaments as meso-fractures.

He later (1964) redefined
The length of meso-fractures,

according to him, ranges from 0.1 to 2.0 miles and that of macrofractures exceeding 2 miles.

--

Leuder et al. (1962) consider

lineaments as "major tectonic features in the earth's crust
manifesting themselves as first, second, or third order features" •

•

Boyer and HcQueen (1964) in a fairly detailed (large scale) study
avoided using the term lineaments "because of the large scale
(tens or hundreds of miles long) and world-wide significance
attached to this term by some workers".
In his study of the geology of the Moon, Fielder (1966)
recognizes that
Elongate horsts, trenches, faults, and rills all
form characteristic lineaments. Crater-chains, several
of which run for over 100 km in nearly straight lines,
may be added to this list of lineaments ••• The ease of
recognition of the lineaments is tied to their state of
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development, and this varies from one region to another.
In some regions, one system of parallel lineaments is
dominant as in the region of the Haemus Mountains.
Elsewhere, two orthogonal systems of ridges and graben
may be equally well developed •••
Hills (1955) notes that
In studying lineaments, a distinction may be made
between sets of parallel, relatively short features,
of systems of two or more parallel sets and major
individual lines that may be traced for hundreds of
.. miles.
He refers to the latter as "mega-lineaments".
Global lineaments (or mega-lineaments) are described by
Brock (1957) as encircling the globe in form of great circles and
that they
••• intermittently coincide with a hinge zone axis,
which is the average of a bundle of sub-parallel lineaments
characterizing that hinge zone. A global lineament,
although an undoubted reality on the global scale,
becomes lost intermittently on a detailed map in a
confusion of lineaments.
Locally it must weave its
tortuous way, possibly as a network. Tortuous persistence is a necessary characteristic of a global lineament
to allow it to be recognizable as a great circle feature.
This emphasizes the importance of working from the general
to the particular.
Mitchell-Thorn& (1961) introduced the term vinculum (pl.
vincula) to represent an alignment of lower order than lineament
because he realizes that "many lineaments described and drawn in
the literature appear to have a larger element of conjecture
than would appear at first sight".

He defines a vinculum as

••• an alignment linking geological, geophysical,
topographical, physiographical or bathymetric features
with the prime object of demonstrating a superficial
continuity or extrinsic analogy.
It may constitute
extrapolation of a lineament, it may unite lineaments
or it may be quite independent of lineaments. The
postulation of such is based upon conjecture or
suggestion rather than concrete factual evidence.
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Linears. Linear Trends.and Linear Features
Wilson (1948) defines linears as "straight or gently
curving valleys or scarps of any origin, conspicuous enough to
be seen in air photographs".
adopt this definition.

Twenhofel and Sainsbury (1958) also

Gross (1951) defines linears as "straight

line or gently curved physiographic features on the surface of
the earth".

Yallouze and Knetsch (1954) define linear structures

"as surface intersections of two dimensional structural features
showing an oriented arrangement which allows - theoretically to determine their mechanical meaning".
Kupsch and Wild (1958) argue that the term linears "is
etymologically undesirable ••• (plural noun formed from an
adjective)" and that it "has also been used in a different sense
in geological literature".

They recommend reference to "linears"

as linear trends, linear features, or lineaments.

Leuder (1959)

defines a linear as ''any linear feature in the landscape which
possesses an abnormal degree of regularity ••• "

And adds that

" ••• linears whether straight or gently curving, are generally
believed to be the surface expression of some structural features
in the bedrock".
and lineations.

He suggests distinct difference between linears
He also defines his so-called "bedrock linears"

as "surface traces of such geologic planar features as faults,
contacts, joints, and bedding planes".

Boyer and McQueen (1964)

define airphoto linear features as "relatively straight alignments
of small scale features that may be of natural origin, visible
on aerial photographs . and mosaics".
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Fractures and Fracture Traces
Blanchet (1957) defines fractures as "abundant
natural lineations discernible on aerial photqgraphs".

He

distinguished between micro-fractures (up to 2 1/2 miles in length)
and macro-fractures (ranging from 2 to 50 miles in length).
Lattman (1958) defines a photogeologic fracture trace (or
simply fracture trace) as
••• a natural linear feature consisting of topographic
(including straight stream segments), vegetation, or soil
tonal alignments, visible primarily on aerial photographs,
and expressed continuously for less than one mile. Only
natural linear features not obviously related to outcrop
pattern of tilted beds, lineation and foliation, and
stratigraphic" contacts are classified as fracture traces.
Included in this term are joints mapped on aerial photographs where bare rock is observed •••
He explains that
The term "fracture trace" is used in preference to
"fracture" because, except in areas where bare rock is
exposed and joints are mapped directly on the aerial
photographs, the feature mapped may be the indirect
expression of a joint or small fault, and not the fracture
directly.
He realizes that there may be two objections to his definition of
"fracture trace", given above, and that of lineaments ( p. 64 ) :
1) After fracture traces are mapped, and the individual
photographs are compiled into a mosaic, some of the fracture
traces may become parts of lineaments. This is known to
occur, yet does not seem a serious objection to the
distinction between these two terms because~~ the
majority of fracture traces do not appear to be parts
of lineaments.
2) The present status of published informations seems
to support a genetic distinction between fracture traces
and lineaments. Fracture traces are believed to represent
local bedrock joints and small faults, and lineaments to
represent major zones of shatter, or faults, possibly
related to basement activity.

68

Mallard (1959) explains that a fracture
••• refers to any rectilinear to gently curvilinear
trend on the natural landscape that bears the distinctive
earmarks of the subsurface structural control. The term
applies Hhethcr the bedrock surface is exposed or masked,
but only to situations where there is manifest evidence
of structural control.
However, fractures are defined in the AGI Glossary (Howell
and Weller, 1960) as "breaks in rocks due to intense folding
or faulting".

Photogeophysics
The term photogeophysic was first used by Blanchet (1956)
and later emphasized by Mollard (1956a, 1957b, 1958,and 1959) and
Haman (1961 and 1964).

Mallard (1957a), for example, asserts that

'
the term
••• refers to the mapping, statistical analysis and
interpretation of photo-derived data that reflects
fracturing in masked sedimentary bedrock. The term applies
to essentially plains regions possessing relatively simple
subsurface morphology.
Mollard (1957b) adds that
••• the term is short, descriptive and pertinent to
the extent that mathematical methods can be used to
analyze statistically photo-derived data reflecting
bedrock fracturing. Thus physical-property characteristics of rocks can be mapped and analyzed when the
rocks themselves cannot be directly observed by the
naked eye.
Haman (1961) defines photogeophysics as " ••• the methodical
statistical analysis of linear features observed on aerial
photographs':

And adds that this

•••• methodical statistical analysis of linear features
is applied by any method recording all observable linear
features, or the totality of a certain type of linear
features, and the statistical presentation of quantitative
factors on histograms or contoured intensity maps.
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He emphasizes that the photogeophysics is a purely descriptive
method and does not by itself involve the
of its results.

geolo~ical

interpretation

He introduces the phrase "photogeology by means

of photogeophysics" to designate the
••• exploration method obtained by a synthesis of the
results of photogeophysics with the known geology of the
same area. The scope of this synthesis is to recognize
characteristic pattern obtained by variations of all, or
----- some, quantitative photogeophysical factors and to relate
these patterns to various types of geological anomalies.

Lineation
According to Cloos (1946, p. 1-2)
Lineation includes all linear structures without
regard to origin. It may be due to: Primary or
secondary flowage; rotation around axes; intersection of
planar structures; slippage; and mineral growth.
He further explains that
••• lineation is a descriptive and nongenetic term
for any kind of linear structure within or on a rock.
It includes striae on slickensides, fold axes, flow
lines, stretching, elongate pebbles or ooids, wrinkles,
streaks, intersection of planes, linear parallelism of
minerals or components, or any other kind of linear
structure of megascopic, microscopic, or regional dimensions.
Billings (1954, p. 352) defines lineation (according _to him
also called linear parallelism and linear structure) as "the
result of the parallelism of some directional property in the
rock".

Leuder (1959) states that "lineation refers to geologic

features which are true lines in space, such as elongation of
pebbles, the trace of bedding on cleavage surfaces or axially
oriented crystals" and that there is a distinct difference
between linears and lineation (see his definitions of linears
and bedrock linears on p. 66).

The AGI Glossary in addition to
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giving Cloos' and Billings' definitions, defines lineation as
"lineal parallelism in fabric of some clastic rocks caused by
preferred alignment of long axes of component particles at time
of deposit ion".

Conclusion
It appears from the above review that most definitions are
inconsistent, incomplete,and/or limited in scope.

In the present

writer's opinion there is a need for the use of the terms "lineaments"
and "linears" but, to avoid terminological confusion, there must
be an all-encompassing, clear definition for both.

The writer's

definitions of lineation, linears. airphoto linears, lineaments,
and airphoto lineaments are given in pages 75-76.

Reasons for

these definitions will be discussed under "Proposed nomenclature
and classification".
The present writer, although aware of the validity of

Mitchell-Thom~'s argument for introducing the term "vincula"
prefers to use solid, dashed, and/or dotted lines to map any
linear feature so as to give at least two or three orders of
reliability without introducing a new term.
In regard to "fractures", "fracture analysis", and "fracture
traces" the writer believes that all fractures (as defined in the
AGI Glossary mentioned above) are linears but not all linears
are fractures.

The term fracture (and consequently the term

fracture analysis) should not be used except where evidence
overwhelmingly supports the "actuality" of at least the major
Piirt (70 percent) of the fractures.

He does not agree with
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Lattman's definition and usage of the term "fracture trace" as
a substitute for the term airphoto linear.

The term "fracture"

is well defined in the literature and simply means an interface
break.

The term "trace" is corrmonly used in association with

the intersection of a structural plane and the earth's surface
and using it in another sense is not appropriate.

The term

"fracture. trace" should be dropped completely or used only in .
a restricted sense indicating the "surface expression of an
interface break".
The term "Photogeophysics", although attractive, has broad
connotations and does not indicate the characteristic
of the features under investigation.

linea~ity

The present writer

recommends the terms "lin ears, lineaments, or linears and lineaments
(lineation) analyses" to be used instead.
defined specifically in pages

These terms are

75-7~

As to the definition of the term "lineation" the author
prefers the time-honored definition given by Cloos with some
modification.

This is discussed in detail under "proposed

classification".

Identification Parameters
Wilson (1948) reserves the noun linear " ••• for the topographic
expression shown by individual valleys or scarps while lineament
is a broader term meaning a complex zone of linears or faults".
Wilson (op. cit.), followed by Twenhofel and Sainsbury (1959),
ascribes the causes of linear features to 1) glaciation, 2) foliation
of batholiths, stocks •• ~etc., particularly near their borders,
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3) dikes, 4) erosion along bedding or geological contacts,
5) erosion along folintion and schistosity in metamorphic rocks,

6) erosion along joints, and 7) erosion alon g faults, fault

scarps, ar.d fault line scarps.

Hilson (op. cit., ;:>. 7 0 5)

concludes that the 5 first causes " ••• are minor quantitntively
and can usually be recognized, leaving the great bulk of linears
due to joints and faults".
Kaiser (1950) explains that lineaments " ••• may consist of
1) linear topographic features, either trenches or rid~es; 2)
linear veeetation patterns; or 3) linear patterns of soil color
or texture".

He adds that "gaps and stream segments typically

form parts of lineaments".

Lineaments observed by him are

"associated with zones of close-spaced random joints, with swarms
of parallel joints, and with abrupt but minor changes in the
strike of sedimentary beds".
Blanchet (1957) explains that
••• fractures [airphoto lineations] express themselves
at the surface in many different ways and in a great
variety of forms, dependent, to a large extent, on the
type of soil or overburden, on the ve g etational cover,
and on the drainage conditions and ground water conditions
prevailing in the area. Common to all is their marked
rectilinear character which makes them apparent in an
otherwise curvilinear or amorphous environment - the
normal habit of nature.
Only a small percentage of the
mappable fractures present on an aerial photograph are
obvious or even readily apparent •••
Brock (1957) states that a lineament
••• throughout its length ••• may perform intermittently
(both as to space and time) several or many functions.
It
may mark a fold belt, a coast line, the edges of the
continental shelf, a zone of faulting or shearine, a
chain of volcanoes, a geological boundary, the edge of
a plain or plateau, a straight stretch of a river, a
rift valley, or escarpment, indeed anything linear.
En route it may pick up geological "points" such as
isolated volcanoes, islands, block mountains, and .ring
structures.
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Mollard (1957a) notes th a t

intersecting surf icial lineaments

are manifested in a variety of linear micro-relief, vegetal and
tonal trends.

Kupsch and Wild (1958) in their study of part of

Saskatchewan, Canada indicate that
Linear features revealed by airphoto mosaics of
the ••• area are due to topographic relief, stream adjustments, alignment of elongate closed basins, vegetations,
and soil moisture differences.
Lattman (1958) observes that his "photogeologic fracture
traces and lineaments are linear trends of topographic features,
soil tone, and vegetation visible on aerial photographs''.
Kelley and Clinton (1960) believe that
••• lines seen on photographs are, for the most part,
a surficial expression of joints. The task ••• is largely
one of interpretation and sampling. Straight crevices
and gullies, straight and aligned streams, lines of
vegetation, fissure veins and dikes are all features
interpreted as having been controlled by fractures.
Henderson (1960) recognizes the following airphoto lineaments;
1) vegetation lineaments, 2) vegetation change lineaments, 3) lineaments due to incised fractures, 4) lineaments due to abrupt
linear topographic changes, 5) lineaments expressed in stream
courses, 6) positive weathering lineaments due to filled fractures,
and 7) lineaments possibly due to causes other than fractures, e.g.,
a) the effect of prevailing wind on the growth habit of a forest
area, b) shadow alignment, and c) game tracks.
Ray (1960) states that on aerial photographs
••• lines indicative of faults may be expressed as
alinements of vegetation, straight segments of stream
courses, and waterfalls across streams; alinements of
lakes, ponds, and springs; conspicuous changes in
photographic tone or drainage and erosional texture
on opposite sides of a linear feature, or tone change
along a linear feature because of vegetation which may
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appear darker; alinements of topography, including
saddles, knobs, or straight scarps; rectilinear depressions,
or any combination of these. Faults may also be expressed
by horizontal or vertical offsets of beds or recognizable
rock units •••• Where bedrock is Hell exoosed the actual
physical break may be seen.
In some piaces a lineament
or broad linear depression may be conspicuous but not
distinct.
Tatar (1960) explains that
•••• r4any of the subtler lineaments are created by
. conditions of soil, moisture, vegetation, and relief,
all of which provide clues to structure. If a permeable
nonresistant rock is placed by faulting next to an
impermeable resistant rock, two different residual
soils may develop with a transitional zone between them.
Gases of juvenile or secondary origin escaping along
fracture zones may produce differences in soil or vegetation
which appear in aerial photographs in lighter or dark tones.
Hydrogen, the most mobile of gases, is able at normal
temperatures to penetrate solid bodies ••••
In summary, it is clear that many different kinds of linear
features have been described.

Topographic, physiographic (including

drainage), bathymetric, lithologic, tectonic, and geophysical
alignments are the important varieties commonly considered.

These

linear features can be seen at any scale (microscopic, megascopic,
local,

regiona~and/or

global)*; can have different origins,

i.e., endogenic (intra-terrestial) or exogenic (extra-terrestial);
can have different surface expressions; and can be seen on different
kinds of maps (topographic, physiographic, structural, geophysical,
••• etc.) and aerial photographs.

Proposed Nomenclature and Classification
To avoid inconsistencies in present nomenclature and to aid
in future applications, especially in the widely expanding and
newly developed fields of remote sensor technology of geological
---------------------------------------~--------------------------

*For more information about the "scale" of linear structural and
tectonic features see Weiss and l-1cintyre ( 1957), Weiss. ( 1959),
Rickard (1961), Beloussov (1962, p.12), Carey (1962), Turner
and Weiss (1963, p. 15), and Whitten (1966, P• 86).
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planetary studies and aerial photography from orbital altitudes,
this writer first redefines the terms to be used and proposes a
genetic-geometric classification for all natural linear features
and those confused for them.

The main objective of this classification

is to acquaint the worker in this field with the possibilities
which may produce linear features, how to differentiate between
them_, and how to establish a reliability scale (i.e. dependability
or weight factor) to be used in the statistical processing of
his data.

Nomenclature·
Lineation:

is a descriptive and nongenetic term for

any natural linear feature within or on a rock exposed or covered
by surficial material and of any length (modified after Cloos'
definition).
Linear:

is a descriptive and nongenetic term for any

lineation within or on a rock, exposed or covered by surficial
material, and less than ten miles long.

It is a general term

which encompasses both micro- and macro-linears.
Micro-linear:

is a descriptive and nongenetic term

fo~

any

lineation within or on a rock, exposed or covered by surficial
material, and less than two miles long.
Macro-linear:

is a descriptive and nongenetic term for any

lineation within or on a rock, exposed or covered by surficial
material and two to less than ten miles long.
Airphoto Lineation:

is a descriptive and nongenetic term

for any linear feature encompassing topographic, physiographic
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(includinE straight stream seements), litholog ic, structural,
vegetational, or soil tonal alignment or any combination thereof,
visible primarily on aerial photographs and/or composites, and of
any length.
Airphoto Linear:

is ? descriptive and non g enetic t e rm f or

any linear feature encompassing topographic, physiographic (including
straight stream segments), lithologic, structural, vegetational,
or soil tonal alignment or any combination thereof, visible
primarily on aerial photographs and/or composites, and expressed
continuously or semi-continuously for less than ten miles
(Modified after Lattman's definition of "fracture trace", p. 57).
Lineament:

is a descriptive and nongenetic term for any

lineation within or on a rock, exposed or covered by surficial
material, and ten to less than 100 miles long.
Airphoto Lineament:

is a descriptive and nongenetic term

for any linear feature encompassing topographic, physiographic
(including straight stream segments), lithologic, structural,
vegetational or soil tonal alig nment or any combination thereof,
visible primarily on aerial photographs and/or composites, and
expressed continuously or semi-continuously for ten to less than
100 miles (modified after Lattman's definition of lineaments, p. 64 ).
Mega-lineament (or Global lineament):

is a descriptive and

nongenetic term for any lineation 100 miles or more long.
Linears Analysis:

term applied to any study involving linear

features predominantly less than ten miles long, and of uncertain
origin.
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Linears and Lineaments Analysis (or simply Lineation Analysis):
term applied to any study involving both linears and lineaments.
Fracture Analysis:

term applied to any study

involvin ~

natural linear features of which at least 70 percent are known to
be of structural orig in.
The adjective "airphoto" may be added to the last four terms
defined above in case aerial photographs or composites are used.
In linears and/or lineaments analysis frequent assortment
and grouping of specific com?onents may be needed.

For this

reason a set of terms is introduced similar to those used by
Kelley and Clinton (1960) for joints and fractures but not
bearing genetic connotations in this case:
Linears (or lineaments) set:

a group of parallel or nearly

parallel linears (or lineaments).
Linears (or lineaments) master set:

a linears (or lineaments)

set which is both numerically prominent and most persistent in
length.
Linears (or lineaments) sheeted set:

a set of closely spaced

linears (or lineaments).
Linears (or lineaments) complementary sets:

sets approximately

prependicular to each other.
Linears (or lineaments) system:

any group of two or more

linears (or lineaments) sets within a specific area.
Linears (or lineaments) pattern:

an arrangement or conf~guration

formed by any linears (or lineaments) set, system, or group of
systems.
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Class if icat ion
The writer's classification is a modification of Cloos'
ori8ina 1 classification of "lineation".
Cloos (1946) divides lineation into primary and secondary.
Accordin~

to him, primary lineation is confined to igneous rocks

and results from the flow of magma.
related to sedimentary rocks.
into lineations due to:

Secondary lineation is

He further subdivides this latter

a) secondary flowage, b) rotation,

c) intersection of s-planes*, d) slippage on s-planes, and
e) growth of minerals.
He explains t"hat secondary flowage " ••• may occur after
sedimentation but before consolidation of the rock [diagenetic] as
in mud flows, submarine gliding, avalanches, and similar deformation
features".

It may also be due to folding prior to consolidation,

" ••• flowage of consolidated rocks with rearrangement ·o f components
accompanied by recrystallization, increase or decrease of grain

.

.
size, and metamorphism with or without addition of magmatic J u1.ces.
• •" ,
deformation of oolites and ooids, and distortion of pebbles in
conglomerates.
and
flow

rollin~.
cleava~e

of s-planes.

Rotation

results in folding, flexing, drag foldinG

Intersection of flow cleavage and bedding and that of
and fracture cleavage are examples of intersections
Slippage on s-plane results in slickensides, faults,

and overthrusts.

Mineral growth can be pre- or post-deformational.

This writer would modify Cloos' classification to satisfi the
great need, in lineation analysis, for clear distinction between
pre- and post-deformation lineations.
of lineations are recognized:

Thus,

~~o

major categories

primary (formed contemporaneously

------------------------------------------------------------------

*S-plane is any discontinuity such as bedding, cleavage, fracture
cleavage •••• (Cloos, op. cit., P• 12).
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with the enclosing rocks) ~nd secondary (formed after the consolidation
and lithification of enclosing rocks).
Primary lineations in this case include:

flowage in igneous

rocks (intrusives and extrusives), growth of minerals, and depositional

and diagenetic structures

(beddin~.

cross-bedding,

graded-beddin~.

slump and turbidity structures, unconformities, and also elongation
and alignment of pebbles in conglomerate, fossils, ooids, pellets,
amygdules, lapilli ••• etc.).
related to:

Secondary lineations include those

rotation (folding, flexing, drag folding), growth of

minerals (post-lithification and/or post-deformation), intersection
of s-planes (involving primary and secondary or only secondary
s-planes and including intersections of plannr structures with the
earth's surface), slippage on s-planes (secondary foliation,
f~acture

cleavage, striae, slickensides, joints, faults, and near

surface parting and sheeting), geomorphic features (including
topography, physiography, and drainage), erosion (including wind
and glacial striations), and biological activities (like
vegetation alignments, game tracks, and man-imposed lineations).
These different varieties of lineations are summarized in Figure

a.

A recent summary review of many of the large scale (detailed)
lineations mentioned above can be found in Whitten (1966, Chapter 9).
The geometric aspect of the classification is set by determining
the length limits of the differently named varieties of lineations.
As given in pages 75-76, the length limits of a micro-lineart macrolinear, linear, lineament, and mega- (or global)

lineament are:

<2 miles, two to 10 miles, >10 miles to 100 miles, and >100 miles
respectively.

The average range of length of each variety of

Figure 8.

Proposed Classification of Lineations
CLASS

I.

II.

Primary Lineations
(Formed contemporaneously with
enclosing rock)

VARIETIES
1.

Flowage in Igneous Rocks
(Intrusive and extrusive)

Linears

2.

Growth of Minerals

Micro-Linears

3.

Depositional and Diagenetic Features
Lineaments to Micro-Linears
(Bedding, cross-bedding, graded-bedding, slump
and turbidity structures, unconformities 1
elongation and alignment of pebbles in conglomerates, fossils, oeids, pellets, amygdules,
lapilli ••• etc.)

1.

Rotatioo
(Folding, flexing, drag folds)

Lineaments to Micro-Linears

2.

Growth of Minerals
(Post-Lithification, post-deformational)

Micro-Linears to Lineaments

3.

Intersection of S-Planes
(of secondary and primary or only secondary
s-planes)

Lineaments to Micro-Linears

4.

Slippage on S-Planes
(Secondary foliation, fracture cleavage,
slickensides, joints, faults, and near
surface parting and sheeting)

Mega-Lineaments to
Micro-Lin ears

5.

Geomorphic
{Topographic, physiographic, and drainage)

Mega-Lineaments to
Micro-Linears

6.

Erosional
(Striations due to wind, glaciers, differential
erosion ••• etc. )

Linears to Lineaments

7.

Biological
(Vegetation alignment, game tracks, humanimposed lineations, •• etc.)

Linears to Lineaments

Secondar~

Lineations
(Forme after
consolidation or
lithification of
enclosing rock)

APPLICABLE GEOMETRY

(X)

0
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lineation is given in the last column of Figure 8.
To insure wider recognition and applications for the technique
of lineation analysis it is essential to state the nature (kind and
length) of the lineations involved wherever possible.

Two adjectives

can thus modify any name used, e.g. secondary topographic lineament,
primary bedding linear ••• etc.

In case of vegetation linears and

lineaments the adjactive "secondary" can be dropped as implicit.
In case of airphoto lineation studies some other secondary
lineations, which are not described in Figure 8, may be present,
e.g., those related to atmospheric factors (cloud patterns, haze,
shadows, ••• etc.).
Geophysical linear anomalies can be of importance in solving
some geological problems.

They may be reflections of primary and/or

secondary lineations, however, evidence should be gathered to
determine specifically their nature.
The geologic age of the lineaments and linears in any area
should be considered if possible.

Frequently lineations of

different ages may have distinctly different patterns.

On the

other hand, the observed consistency of lineation patterns on
rocks of all ages in different areas on a local, regional, or
even global scale is striking.

This phenomenon has been referred

to as the "regmatic shear pattern" and it appears that the
lineations have been translated from the Precambrian basement
through the overlying younger stratigraphic sections to the earth's
surface, even through various thicknesses of unconsolidated
surficial materials.
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Methods of Presentation of Lineation Data
Variables commonly considered in lineations nnalyses are:
1) strike, 2) lenr,th, 3) location, and 4) averap,e concentration
or density.

In field studies of fractures and joints (planar

features), where the strike and dip are determinable, polar or
point diagrams are commonly used.

These diagrams, however, do

not express variables 2 and 3 mentioned above, nor can they be
used directly for linear features or intersections of planar
features with the earth's surface where dips are characteristically
undeterminable.
Items 1, 2,antl/or 4 can be shown on different modifications
of histograms.

The actual

~eographic

positions of linears and

lineaments (variable 3) can be shown directly on topographic,
geologic, or any variety of base maps.

As for the density of

such features (variable 4) special maps can be constructed or
the data can be graphically presented.

Histograms
These are commonly used for showing the variations in
distribution of linear features with direction.

The number of

linears and/or lineaments, their length, and azimuth are the
common factors to be considered.

Rectangular, circular, and

semi-circular histograms are in use (Fig. 9).
Modifications of these histo~rams are differently named by
different authors.

For example, rose diagrams, dial diagrams,

histograms, circular histograms, orientation diagrams, distribution
diagrams, polar diagrams, strike-frequency,and azimuth-frequency
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Figure 9.

Graphic representations of lineation analysis data.
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dia;;rams are common names u s ed in the literature.

The writer

prefers the last mentioned name because it considers the two
variables commonly used.

A simple abbreviation of this name

makes it easy to refer to and to remember, i.e. A-F diagram.
In case of using a circular diagram the pattern in the
lower half will be a repeat of

th~t

in the upper half unless

another variable is considered, e.g., plotting the number of
linears in the upper half and the length of linears in the lower
one or plotting the micro- and macro-linears separately in the
two circular halves.
vlhatever the .shape of the A-F diagrams used in any single
study, they should be plotted at the same scale, especially when
dozens and sometimes even hundreds of these need to be compared.
The writer recommends the use of percentages of the total numbers
and total lengths of the linear features instead of their actual
values reduced to different scales.
If circular or semi-circular histograms are used, the zero
percent point can be placed at the center (Fig. 9, B,
or at the periphery (Fig. 9, E).
illustrative value.

C, and D)

Each position has a significant

In the first case the least

ab~ndant

(background)

linears will be telescoped near the center while the major linear
trends will be clearly expressed by long line plots.

In the

second case, small variations in value of the "background" linears
can be clearly delineated.

Sometimes such small variations are

of significant importance.

Because rectangular diagrams (Fig. 9, A)

are based on equal area plots, they equally demonstrate the small
differences in the values of the background linears as well as
major "anomalies".
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l1aps of the Total Field and Selected Fields of Lineations
Although A-F

di~ g rams

are very helpful in expressing the

relative abundance of linear features in different directions they
do not show their actual spatinl positions.

However, this can be

overcome by plottine all the lineations studied (total field) on
a topographic, geologic, or any kind of base maps (see Figures 16
through 2 5).
In special cases, subdivision of the total field of lineations
may be deemed necessary.

Grouping can be based on age, nature

(type), geometry (length), azimuth, geologic setting (lithology),
reliability ••• etc'

Maffi and Marchesini (1964), describe a

convenient semi-automatic device (called the "ALSEC") for the
separation of different selected fields.

Their main concern,

in this case, however, is separation of the total field into
selected fields according to azimuthal changes (Fig. 10).
Blanchet (in Haman, 1961) also developed an amplifier
(Blanchet Hulti Image Optical Amplifier) to facilitate the
recognition and accurate determination of the bearing of fractures.
These two photo-electric devices are invaluable in substituting
for the time-consuming manual annotation, recording, and statistical
processing of lineation patterns.
Not only selected fields of lineations can be obtnined by
the device of Maffi and Marchesini but also data processing can
go further to give directly density charts of these selected fields
(Fig. 10, lower diagrams).
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STAGE I
B

A

D

STAGER
F"

G H

IE

IE

A - Radiation Source
8 - Selector Unit
C - Recording Unit

DEF" •
G·
H•

Radiation Source
Selected field (from C) and Scanner
Sensing Unit
Reading and Comparing Unit
Recording Unit

Figure 10. Semi-automatic processing of lineation analysis data.
(Upper) Equipment and steps involved.(Lower) A. Data chart fed
to Stage I (total field of linears), B. Data fed to Stage II
(selected field of linears), c. Density chart of selected field
(variable area) from output of H. (After Maffi and Marchesini,
1964).
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Symbolic Representation of Lineations on Maps
If the lineations obtained from detailed (large scale)
photo8raphy need to be transferred to smaller scale maps

(e.~.

for

regional correlation purposes) it might not be feasible to transfer
all the lines onto the new map.

In this case the data can be

analyzed statistically to obtain the mean principal trends.

These

are then plotted symbolically on the map by combining many lines
into one, its length reflecting the relative abundance (Balk,
1931; Kelley and Clinton, 1960).

Maps of the

D~nsity

of Lineation

The density of linears and/or lineamen.t s can be expressed
by iso-lineation contours (isopleths) on topographic,

geolo~ic,

or any kind of base map and also may be represented graphically.
!so-lineation contour (isopleth) maps can be drawn by dividing
the area under study into smaller equal unit .areas, determining
the total length (or total number) of lineation in each unit and
recording the value in the center of each unit area.

By using

these values, contours can be drawn in the conventional way
(Figures 28 and 29).

Semi-automatic graphic representation of

the density of linears is described in the lower diagrams of
Figure 10.

The method of symbolic representation of linears on

maps is, in a sense, a graphic representation, too, of the
abundance or density of lineations.

Reliability or Weight Factor
Because of the fact that not all linear features are
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e~ually

well-distinguished on aerial photog ra phs and because not

all of them have the same origin, this additional factor may
be considered in detailed analyses.

Linear features under study

can be divided into 2, 3, 4,or more divisions (or orders) based
on their reliability as indicators of "actual" fractures and
joints.

For example, a fault is considered a first order linear

(or lineament), and its length may be considered at full value
(i.e., 100 percent) in statistical analysis.

On the other hand,

a suspected man-made fence or a trail is to be considered of the
lowest order of reliability and in most studies even completely
discarded.

A linear identified by more than one criterion, e.g.,

shown along its length as a topographic linear, vegetation
alignment, and a stream linear segment is more reliable than
a linear shown by only one parameter, e.g., vegetation alignment.
In the writer's judgement, fractures or very conspicuous linears,
and those identified by three or more criteria along different
parts of their length are considered as first order linears.
Their lengths are to be considered at full value (i.e., 100 percent).
Moderately conspicuous linears and those identified by two criteria
along their length especially vrhen persistently present in \-/elldefined sets, over wide areas, and of hi g h frequency are considered
as second order linears and only 75 percent of their actual lengths
are counted in the final statistical analysis.

If need arises,

further divisions (third order, fourth order ••• etc.) can be
considered and defined.

For third order linears, for instance,

50 percent of their lengths can be considered and for fourth order

linears only 25 percent of the actual lengths can be included in
the final data analysis.
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Bolognini and Pistolesi (1 963 ) applie d this principal to
their study of fractures from aerial photographs in southern :'torocco.
In this case they classi fied these fractures into three classes:
1) faults with visible vertical displacement, 2) faults and joints,

and 3)

mine~Alized

fr~ctures.

In case "actual" fractures are not distinctly discernible
on aerial photographs, linears shown can be treated in accordance
with the classification shown in Figure 8, in order to demonstrate
their reliability.

The writer is aware that not all types of

lineations discussed in his classification may occur in one and
the same area or show on every kind and/or scale of aerial photographs.

One should keep in mind, however, that all these linear

features can occur, screen out those which are not applicable in
the area under discussion, and classify the rest according to
their reliability.

Every study and each area will have its own

pecularities and the analyst should use his judgement to determine
the reliability scale which agrees with his objectives.

Other Statistical Treatments
A few workers in the field of lineations analysis applied
other statistical treatments in the processing of their data, e.g.,
Pincus (1951), Henderson (1960), and Lattman and Segovia (1961).
These will not be discussed here.

The interested reader, however,

is referred to these articles as well as to two excellent reviews
by Strahler (1954) and Wilks (1963) for further information.
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Characteristics of Drainage Lineaments and Linears

(Drainage

Lineations)
Drainage Patterns are characteristically dependent on lithology
and/or structure.

Tatar (1954) emphasized the importance of

lithology while Ray (1960) argues that drainage is probably more
significant as an indicator of structure than of lithology.

Parvis

( 1950) notes that "drainage patt f-:r ns are formed of straight and
curved lines" and "where there is no structural control stream
channels are curved".
Melton (1956) states that
••• there is considerable evidence to support the
conclusion that much of the drainage of the broad
continental areas of the world (probably between 25
and 75 percent of it) is structurally controlled. By
structural control of drainage, geologists mean that
the drainage pattern reflects the structural features
such as the outcrop of resistant formations above and
below non-resistant formations, the dip and strike of
these formations, the presence of faults, joints, and
other local features.
So instead of clarifying what is me_a nt by structural control Helton
unint·e ntionally mixes lithology and structure.
In plains, coastal areas, and where thick unconsolidated
surficial materials cover the bedrock, structural and/or lithologic
controls may be obscured.

However, in his geological study of

the alluvial valley of the lower Mississippi River, Fisk (1944)
notes that
The parallelism of drainage lines is an outstanding
feature of the alluvial valley. Flood plain tributaries
follow courses alined with the Mississippi River or with
major tributary streams for long distances before reaching
their point of junction. The streams of the dissected
alluvial plains are incised in courses roughly parallel to
the main drainage lines of the flood plains. Meander belts,
abandoned by the Hississippi and its principal tributaries
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and now occupied by flood plain streams, are alined with
similar curvature to those in which the present streams
flow. A striking alignment also exists between the trunk
channel of the Mississippi River and its abandoned counterparts within the lower part of -the deltaic plain •••
The alignment of drainage features in the area of
the Hississippi delta has been referred to as the "regional
grain".
The direc-tion of alinement of the - streams is similar to
that of the major structural trends of the Central Gulf
Coastal Plain, and the position -of the streams is therefore
considered to be a reflection of movements in the rocks
through which the alluvial valley- has been carved [see
Fig. 30]. The effect of structural movement upon the
drainage of the alluvial valley and the recency of some
movements are illustrated in the rectangular pattern of
minor streams and lakes within the deltaic plain.
The width and arcuate shape of the valley, the outlines
of the valley _walls, the _positio_n of the Hississippi meander
' belt, and the trend of the tributary valleys entering the
alluvial valley are also major features shaped by earfh
movements associated with structural features in .the coastal
plains region •••
And Steinberg and Russell (1952) found, in the Amazon Plain
particularly near the vicinity of Hanaus, " ••• certain rather
constant alignments (along northeast and north~·rest directions)
in the drainage pattern of the uplands ••• "

These were recognized

on 1:1,000,000 scale charts as well as on 1:40,000 scale aerial
photographs.

The pattern observed resembles that of the lower

Mississippi Valley (Fisk, op. cit.).
Steinberg and Russell( op. cit.) comment that "that a rectangular
pattern develops in a region where the underlying strata are
essentially horizontal suggests the presence of a conjugate system.
Many, if not all, of the fractures may be fa11lts".
From the above discussion it is evi~ ent that the relative
importance of structure and/or lithology varies from one area t -o
another. · Different parts of a streamcourse may be controlled . by
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different factors.
Several drainage patterns are recognized reflecting characteristic litholo~ic and/or structural control.

ror example a dendritic

drainage pattern characterizes homogeneous rocks lackin~ structural

control.

RadiAl

and/o~

concentric (annular)

structural domes or basins.

~atterns

sugge5t

A trellis pattern may indicate tilted

strata, folded, or fracture-d areas controlled by one dominant set
of joints and/or faults.

A rectangular pattern seems to develop

where rocks are fractured and have two distinct sets of fractures.
For

furth~r

details about these and other drainage patterns the

reader is referred•to such works as Zernitz (1932), Parvis (1950),
Thornbury (1954, p. 120-124), and Tater (1960, p. 254-257).
In addition to lithology and structure, topography and the
stage of development of fluvial cycle also affect the drainage
network.

For example, in rugged terrains streams generally tend

to follow the shortest direction downslope (gravity control)
rather than follow small local fractures and linears.

This is

the case also in the early stages of the fluvial cycle (youth),
because tributaries commonly start from topographic highs near
major water divides.

However, the major trend of the stream

pattern in these cases may be controlled by major linears and
lineaments.

In mature and old stage, the stream and its tributaries

are controlled more likely by structure and lithology.
Parvis (op. cit.) notes that
••• drainage patterns are coarse-textured in regions
where the bedrock or soil mantle is resistant to erosion;
e.g. sandstones, granular deposits, unconsolidated glacial
drift. Fine-textured drainage patterns are associated
with materials non-resistant to erosion, e.g., clay shales,
silts, sand clays.
In other words, the drainage pattern

CJJ

reflects the porosity of the soil or bedrock in which it
is found.
Likewise, the relative depth of the soil mantle
and the dip of the bedrock may be inferred.
This opinion has also been expressed by Rich (1951) and Ray (1960).
Little has been written about the criteria and procedures
for quantitative analysis of drainage patterns from the lineations
interpretation point of view.

However, as early as 1933, Barton

in his study of the Reynosa Plain of southern Texas, explains that
On the aerial photog raphs, ••• fracture drainage lines
are conspicuous by their straightness or flat sinuosity,
by their independence of stream valleys, ridges, or uplands
which they cross, and by the lack of the wriggling meandering
or the short period zig-zagging back and forth of ••• normal
small stream[~]. The valleys commonly, but not necessarily,
are somewhat sharp and tend to maintain a constant width
and not to narrow upstream as much as the normal tributary
valley. Many of them have a characteristic individuality,
different from the normal streams and stream valleys of
the area.
On the ground, one of these fracture valleys crossing
an upland commonly is a shallow possibly indistinct swale
or shallow valley, 100-300 feet wide. Hhere it approaches
or opens into a main stream valley, it is a small or mediumsized valley. The swale is marked by a line of ranker
mesquite and by a more luxuriant growth of grass and herbs
than on the barren upland on either side. The vegetation
remains greener longer into the dry periods than does the
vegetation on the upland. The greener foliage along these
drainage lines is one reason Nhy they stand out so conspicuously on the aerial photographic maps.
And Henderson (1960) in his study of airphoto lineaments in
western Tanganika remarks that
••• where a stream course was observed to be straight
and narrow on air photographs, a line was drawn along the
stream.
It appeared that the streams were following
individual fractures.
However, unless the stream course
showed as a sharp linear feature no lin,e was drawn.
A
stream course may commence by following a rectangular
joint pattern and particularly, if the area is rejuvenated
at any period, may eventually cut diagonally across such
a pattern. The mere presence of a shallow straight-sided
stream course was not considered to be sufficient evidence
for drawing a lineament.
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Characteristics of Airphoto Lineaments and Linears (Air photo
Lineations)
General Statement
Airphoto lineations represent a complex assortment of
linear features o f dif f erent origin.

Almost all varieties of

primary and secondary lineations discussed in Figure 8 can be seen
on aerial photog raphs and usually not singularly but in combinations
very frequently of complex nature.

Erosion and atmospheric inter-

ference (e.g. cloud patterns, haze, shadows ••• etc.) can add more
difficulties.

Primary lineations (e.g. primary flowage and small

sedimentary diagenetic features) are commonly of small dimensions
and are recognized only on detailed (large scale) photographs.
t·1ost varieties of primary lineations are not persistent and/or
consistent over large areas.

And except for lineations due to

bedding, schistose and gneissic structures, and unconformities,
can be easily distinguished from secondary lineations.
Bedding is the most frequent, consistent, and important
primary lineation which could be easily confused with secondary
lineations and should be considered and identified in analyses of
airphoto linears and lineaments.

However, in such analyses, secondary

lineations are by far the most important especially those related
to structure (folding and slippage on s-planes).

Lineations due to

post-deformational growth of minerals (Fig. 8) are microscop :.c
or very small and commonly undetectable even on very detailed
(large scale) aerial photographs.

Geomorphic lineations are in

most cases caused by structural and/or lithologic control.
Vegetation lineations are believed to be structurally and/or

~5

lithologically controll e d, althoue h the e ff ect o f thes e controls
is often difficult t o de termine.
Whatever the g eolog ical problem at hand and whatever

~ eolog ic

application is being sought, the prime objective of aerial
photographic lineation analysis is to relate airphoto lineations
quantitatively to fractures and structures in the area under study.
Thus, it is necessary, as far as is possible, to differentiate
between airphoto lineations tectonically produced and any others.

Manifestations on Aerial Photographs and Variables Considered
In areas·where bedrock exposures are predominant, linear
feat11res can be seen easily on aerial photographs as expressions
of joints, faults, fractures, folds, bedding, ••• etc.

In case of

limited bedrock exposures, because of surficial blanketing by
unconsolidated material and/or vegetation, bedrock lineation may
be faintly expressed in different fashions (e.g. subtle vegetation
alignment, soil tonal differences, ••• etc.) depending on the nature,
thickness, and water content of the unconsolidated cover and the
kind and homogeneity of veg etation.

Glacial drift and g lacial

deposits may completely or partly mask the bedrock lineations.
The same applies where the cover is loose movable sand or sand
dunes.
The most important variables affecting airphoto linear features
are:

structure, lithology, topography, drainage, erosion, vegetation,

climate, tone, scale of photog raphs, and use of supplementary
information.
section.

These will be briefly discussed in the following

However, the interested reader can refer to excellent
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pertinent discussions in Colwell (1960), Lueder (1959), Miller
and Miller (1961), and Von Randat (1962).

Structure
The pattern of linear features expressed on an
aerial photograph is, to a large extent, controlled by structure.
It reflects the structural complexity or simplicity of the area
under study and its prominent individual structural components
(faults and/or folds).

The density (intensity) of the linear

features commonly increases or decreases over different structures
relative to a background value for the relatively undisturbed
country rock.

For example, it was found and reported by Bolognini

and Pistolesi (1963), that the density of linears increases on
anticlines and decreases on synclines in southern Morocco.
Not only the density of the linear features but also their
trends change in regard to structures.

They may be parallel,

transverse,or at different angle(s) to the prominent structural
features visible in the field thus providing more information about
stress distribution and orientation.

Lithology
Bedding characteristics, color, textural variations,
mechanical behavior, and erosional resistance are important lithologic
factors determining the abundance and distinction of linear features
on aerial photographs.
Bedding characteristics indicate whether a lithologic succession
is predominantly thin- and/or thick-bedded.

As to color, texture,

and mechanieal behavior Ray ( 1960 t P• 16) sunnarizes · that
.,
. ·. .
li-· .... .·:
~
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••• shales and similar fine-grained sedimentary rocks
tend to have relatively dark photographic tones, a finetextured drainage and relatively closely and regularly
spaced joints ••• coarse-grained clastic rocks, in contract,
tend to have relatively light photographic tones, a coarsetextured drainage, and relatively widely and regularly
spaced joints.
The mechanical behavior of rocks is discussed in more detail
in Appendix I.

Rich (1951) introduced the so-called "etching

concept" to explain how rocks offer different resistances to
erosion.

He states that

••• wherever the earth's crust is composed of diverse
materials varying in resistance to weathering and corrosion,
and lying in various attitudes, differential weathering,
followed by removal of the weathered products, mainly by
sheet wash and creep (except in arid lands where winds are
important), so etches the surface that areas underlain by
the more resistant rocks are brought into relief as the
less resistant are lowered. Even small differences in
structure and composition are thus revealed •••

Topography
Topographic maps were used before aerial photographs
in linears and lineaments analysis.

These maps broadly reflect

the structure and/or lithologic characteristics of any region.
On aerial photographs, topographic expressions like scarps,
ridges, and valleys which are commonly rectilinear in an otherwise
curvilinear or amorphous regional environment, are the normal
manifestations of structure.

Tater (1960, p. 252) remarks that

structure can be deciphered easily in well exposed terrains of
moderate to high relief and in arid to sub-humid regions with little
surface cover and vegetation.

Complications, though, are usually

encountered in areas of weakly expressed bedrock where masked by
vegetation. soil, or any other unconsolidated surficial deposits.
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Indirectly, in case of using oblique photographs or vertical
photographs taken when the sun was not vertical, and especially in
high- and moderate-relief terrains, shadows frequently throw a
linear pattern on the earth's surface.

During lineation analysis

such a pattern should be continuously identified and considered.

Drainage
Development of drainage patterns controlled by
geologic structures is well-known and commonly observed in hilly
regions.

In plains and coastal regions, more recent studies show

the same relation·although not so easily discernible (Barton,
1933; Fisk, 1944; DeBlieux, 1949; Vernon, 1951; and Melton, 1950
and 1956).
drainage.

Lithology is also a major controlling factor of
In this regard Tater (1954) states that

••• drainage patterns depend for the most part on the
lithologic character of the underlying rock, the attitude
of these rock bodies (dip angle, etc.), and the arrangement and spacing of the planes (or zones) of lithological
and structural weakness encountered by the runoff.
Drainage lineations are discussed in detail on pages 107-120.

Erosion
Erosion affects airphoto lineations in different
ways.

.

Mechanical weathering can accentuate or mask the surface

expression of linear features.

Near surface sheeting, parting,

and exfoliation add to the deep-seated linear components present.
Chemical weathering causes widening of fractures, joints, and
faults by solution (Lattman and Olive, 1955), causes tonal
differences because of leaching and bleaching of fracture zones,

and leads to oxidation reactions in rocks which increase
their tonal differences (especially in sedimentary and volcanic
rocks with relatively high iron and/or manganese content).

Wind

striations in desert areas, wind influenced tree alignments in
forests, and glacial striations and grooves are some other
manifestations of the surficial effect of erosion exhibiting
linear characteristics.

Vegetation and Other Biological Activities
Naturally occurring vegetational alignments on
aerial photographs. in most cases reflect the structural pattern
of the bedrock and/or its lithology..

Fractures commonly contain

more water (meteoric) and retain more moisture than the surrounding
terrain, and high trace mineral content.

As a result vegetation

might acquire higher (or lower) stands, and/or permit particular
species to grow along their trend.

Sometimes vegetational changes

in forests or changes from forest to grassland take place along
major linear features.
Although usually subtle on aerial photographs, these vegetational
alignments can be seen and traced by an experienced eye even in
cultivated land.
From another point of view, if the sun is not vertical the
tree crowns may throw linear shadows on the ground.

The resulting

pattern as seen on aerial photographs depends among other things,
on the season of year, the plant species, and the relative tree
abundance.
Game trails and cultural rectilinear features (power lines,
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fences, abandoned highways and railroads, foot paths, plowing
tracks, small irrigational canals, ••• etc.) represent superimposed
linear features which should be delineated and screened out by
the lineation analyst.

Climatic Factors
Climatic factors affect the rate of erosion, rate
of precipitation, runoff, moisture content of soil, and kind and
abundance of vegetation.

Cloud abundance and trends and haze also

affect the quality of the photographs in general and may produce
superimposed

linea~

trends.

Tone
Frost (1953) lucidly warns that the photo user
should realize that he is
••• working with monochromatic tones ranging from
white to black which represent the collective result
of many items including original color of object, moisture,
angle of sun, color sensitivity of film, color of the
filter, exposure, color of light at time of photography,
processin8 techniques, potential of processing solutions,
print paper characteristics, printing solutions, and
printing techniques.
Tator (1960, p. 257) notes that
••• the reflectivity of the earth's surface is
related to topographic texture; other factors being
equal, light reflected from an irregular surface · is
more diffused than light reflected from a smooth surface
and the more irregular the topography, the darker the
photographic tone •••
and that
••• transported surface materials mask the distinctive
tonal expressions of rock units; but variations in the
moisture content of the surface materials are expressed
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in contrasting tones in relation to texture, topography,
and sometimes to the presence of water-bearin g rock
strata.
Tonal patterns indicating structure are most
proninent in the arid to subhumid climatic regions.
In these regions, joints may be marked by thin, regular,
dark lines of vegetation ••• ; or by light lines, owing
to deposition of caliche. Fractured granites mantled
by deep residual soil, as in tropical areas, show dark
streaks over the fractures.
In humid regions, careful
scrutiny may disclose dark lines or zones crossing
--·· cultivated fields and wooded areas ••• these lines probably
represent joints or faults along which soil moisture is
slightly greater than in the surrounding area •••

Scale of Photography
Aerial photographs can be obtained at different
scales.

Photographs with 1:2,000 to 1:5,000 scales show minute

details and small airphoto lineations.

These are significant

indicators of the "local" total field of lineation.

Aerial

photographs with scale 1:10,000 to 1:20,000 give a large working
range and clearly show some regional and most local patterns
of linear features.

Those ranging in scale from 1:30,000 to

1:60,000 (high altitude) give a good picture of regional and
supra-regional lineations.

Still smaller scale photographs like

those recently obtained from satellites (Lowman, 1965• 1966a
and 1966b; Horrison and Chown, 1965) show supra-regional and
sub-continental to global lineations.
Airphoto composites; mosaics (controlled and uncontrolled)
and indexes, have been used frequently in lineation analyses
(Wilson, 1948; Blanchet, 1957; Mallard, 1957a and 1957b; Kupsch
and Wild, 1958; Haman, 1961 and 1964).

These have the advantage

of showing larger terrains and the longer subtle lineations
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than

the individual photographs on which they are based.

They,

however, have the disadvantage, at least at present, of bein g
unsuitable for stereoscopic viewing.

Use of Supplementary Information
Aerial photographic studies can be aided greatly
by information provided by other means.

In addition to topographic

and physiographic maps, geophysical maps add more details.
Geological and structural information is most useful.

Knowledge

of the "habit" of any district can reduce the number of unknown
variables in

anal~is

of the aerial photographs.

Comparison Between Airphoto Lineations and Field-Mapped Joint and
Fracture Patterns
Although it is the common belief of most workers in this
field that the majority of airphoto linears and lineaments are
reflections of "actual" fractures in the bedrock, a few are still
skeptical and question the validity of using airphoto lineation
as a tool in structural geology.

For this reason the results

of some recent works on the relation between airphoto lineation
and field-mapped joint and fracture patterns are reviewed.
Lattman and Nickelsen (1958) in their study of an approximately
6 square miles coal-bearing area in the Appalachian Plateau conclude
that
••• there appears to be a significant parallelism
between the directions of photogeologic fracture traces
[airphoto linears] and bedrock joints. The primary
and secondary maxima of histograms of both features
approximately coincide. A secondary maximum on the
fracture-trace histogram not present on the joint
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histogram coincides with joint or cleat directions in
coal and some overlying shales, and may indicate joints
in the area which are not developed in all shale and
sandstone beds.
Twenhofel and Sainsbury (1958), studying the prominent linear
features in southeastern Alaska, analyzed them with reference to
the literature and to field relations.

They interpret them as

being caused principally by erosion along faults and give the
following "facts" to supplement their interpretation:
(a) The gross pattern of the linears is essentially
similar throughout southeastern Alaska. This similarity
in pattern can best be ascribed to linears caused by
faults.
(b) Most of the plotted linears that· have been
observed in the field are faults •••
(c) Inferences and conclusions ••• regarding the
origin and age of the inferred faults are compatible
with a fault origin.
Spencer (1959) summerizes the results of his careful analysis
of the . fracture patterns in the .Beartooth Mountains of Montana as
1. Only fractures with steep dips give reliable
results on aerial photographs, unless dip of fractures
can be accurately determined.
2.
In detail, photograph measurements of large fractures
give a reliable picture of ground-fracture data for vertical
fractures, but the possibility of overlooking on photographs
lineaments that are fractures is great. In several cases,
lineaments would have been overlooked or would not have
been considered evidence of fractures if ground data had
not been available.
~- 3.
As the area in which measurements are made is
increased, more irregular results are obtained.

4. Photograph measurements of lineaments indicate
approximately the same directions, whether length is taken
into account or not; however, special geological significance
may be attached to long fractures.
Long fractures are more
reliable if the number of measurements is low.
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s. If a large sample of photograph measurements can
be made (at least several thousand), irregularities due
to error in measurement of trends are minimized, and
results more nearly consistent with ground measurements
are obtained. The larger sample also minimizes the effect
of irregular fracture trends due to local boundary
conditions.
In his study in north-central Texas, Brown (1961) observes that:
1) The distribution and orientation of airphoto
linears and structural features on the ground do not
_everywhere agree.
2) Faults are accurately depicted as linears on the
aerial photographs.

3) One or more sets of a joint system may be
reflected by linears, but this relation is not consistent.

These conclusions, he added "may be wholly or partly
applicable to other regions".
Contrary to Brown (op. cit.), however, Boyer and McQueen

(1964) as a result of their study in central Texas found that
••• a close parallelism of fractures measured on the
ground and airphoto linear features ••• suggests that the
airphoto linear features are largely a reflection of
fractures in the rocks emphasized by vegetation and
topography.
Lattman and Matzke (1961) summarize their findings tentatively
as
1) Fracture traces, which probably represent zones
of joint (and small fault) concentration, are parallel to
the trends of major joint sets in areas of flat to gently
dipping rocks but are not parallel to the trends of major
joint sets in areas of steep (greater than about 5 degrees)
dip.
2) Within a small area fracture trace orientations
are not the same on rock types that are markedly different.
No significant differences in orientation are found on
similar lithologic types within a small area.
3) Steeply dipping faults may bound areas of different
fracture-trace orientations. The orientations are, however,
relatively constant within blocks bounded by such faults.
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One low-angle fault studied did not separate areas of
different fracture-trace orientation.
4) In folded rocks the fracture trace orientations
are not affected by local folds but do maintain a constant
angular relationship to the regional structural trend ..
Lattman and Parizek (1964) note that
••• data support the concept that fracture traces
reflect u-n derlying fracture concentrations and are
useful as a prospecting guide in locating zones of
increased weathering , solutioning, and permeability.
From this review the present writer concludes:
1.

There is clear . correlation between field-mapped

fracture and joint patterns and airphoto linears especially
when the scales of the studies are similar.
2.

Ground and airphoto results correspond_ rather well for

large-sGale (detailed) and intermediate scale studies.

But in

case of small scale (regional) analyses airphoto macr;>-linears
and lineaments may or may not corres·pond with ground joint
patterns.

Comparing lineaments (ten miles or more long), for

example, with joints (some hundred feet long on the average) may
not lead to similar patterns.
3.

Field-mapped fractures and joints in. areas of ample

bedrock exposures (more than 70 percent. of the total area) may
give a statistically significant sample of the total field of
lineations present.

But in case of areas masked partly or

completely by forests, soils, or any other unconsolidated surficial
materials the field-napped fractures and joints may represent
only a statistically insignificant . fraction of the total field
of lineati6ns.

For this reason, the pattern of the total field

of lineation as identified on aerial

photogr~phs

(and/or

c~nposites)

may not correspond to the pattern derived from field mapping.
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4.

Clear distinction 'bet·h·een the different types of

lineations should be exercised and a reliability scale (weight
factor) considered for their statistical treatment.
The writer agrees with Hitchell-Thom' (1961) that lineations
of different origins, ages, and those based on different airphoto
manifestations can have different alignments.

Each recognizable

set • . therefore, should be delineated separately or at least its
magnitude determined separately in order to obtain statistically
more reliable results.
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Chapter V
DRAINAGE LINEATION PATTERNS IN SOUTHEAST MISSOURI
MINEROGENIC PROVINCE
General Statement
Eight 15' and four 7 1/2' topographic quadrangle maps were
studied for drainage lineations.

The 15' quadrangles include:

Sullivan, Richwoods, Berryman, Potosi, Boss, Edgehill, Corridon,
and Lesterville (see Fig. 2, p. 3 for location).
quadrangles are:

The four 7 1/2'

Shirley, Potosi, Palmer, and Belgrade.

These

are expanded scale maps of the Potosi 15' quadrangle.
Although there are faults and fault zones more than 10 miles
long in southeast Missouri, no straight stream segments extend
this far on the maps used.

Consequently no drainage lineaments

(ten miles or more long) were recognized and all the linear
features analyzed are, in fact, drainage linears (less than 10
miles long).

Procedural Remarks
Both perennial and intermittent streams were considered.
Tributaries less than approximately one mile* were not included.
A simplified drainage network of each topographic sheet was
traced on a transparent overlay.

On another overlay all straight

or nearly straight segments of the simplified drainage network,
not less than half a mile long, were traced as straight lines or
linears.

These were later annotated and processed as explained on

pages 14-15.
~--------~-------------------------------------------------------

*Scale of the topographic maps is 1:62,500 or 1 inch:.99 mile. In
this study one inch was taken as the unit of measurement and considered
approximately a~ equal to one mile. Tributaries less than a unit of
measurement on the maps were neglected.
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Finally, for each quadrangle, the percentages of total
number of linears and total length of linears in every 10o interval
of azimuth are plotted respectively in the upper and lower halves
of an A-F diagram.
A sample of the simplified drainage pattern (of the Potosi
15' quadrangle) is shown in Figure 12.

The corresponding

drainage linears are plotted on a transparent overlay (Fig. 11).
The A-F diagram of this quadrangle is shown in Figure 14, together
with those of the other seven 15' quadrangles included in this
study.
To check the .variation, if any, of the patterns of drainage
linears caused by change in size of the unit area used for
analysis and plotting of the A-F diagrams, a second set of A-F
diagrams was plotted for unit areas each equal to two 15' quadrangles
(based on the summation of data for each two horizontally adjacent
quadrangles).

A third set of A-F diagrams, for still larger

unit areas, each equal to four 15 1 quadrangles, was also determined.
These A-F diagrams also are shown for comparison in Figure 14.

Discussion of Results
Each diagram in Figure 14 shows a degree of preferred
orientation, conspicuous, although in almost every 10° azimuth
class there is about 3 percent of the total linears.
are considered as "background" linears.

These latter

For statistical comparison,

only peaks (or maxima) of more than 5 percent of the total linears,
are considered to be statistically significant.
six peaks are common in each A-F diagram.

Between four and

The degree of importance
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(significance) of each maximum depends on its extent (length) and
width (extent over 10° sectors).

In other words, the average area

of each maximum is the significant factor.

Quantitatively

speaking, for maxima extending over the same number of 100 sectors
the longer is the more significant.

Similarly, for maxima of

the same length the broader is the more important.

From a geological

viewpoint, a longer maximum is significant in that it shows a
larger concentration of linears in a given set; a narrow maximum
indicates that such a set of linears is well defined on the ground
and easier to fit into a stress field.

On the other hand, a broad

maximum suggests that the linears set is diffused on the ground.
This may be a result of more than one factor, e.g., change in
the stress field, change in rock character, ••• etc.
The lower half of each A-F diagram is not a repetition of
the upper.

The upper halves in all cases represent the number of

linears in percent and the lower halves represent the length of
linears in percent.

To aid in evaluating the validity of the A-F

diagrams, the total number (T.N.) and total length (T.L.) of linears
involved in the plotting of each diagram are shown in the lower
left and lower right corners of each diagram respectively.
Except for Boss A-F diagram, each of the other seven singlequadrangle A-F diagrams shows at least two maxima trending northwesterly and two northeasterly.

The Boss quadrangle diagram shows

only a single prominent maximum in each such trends.

Besides these

diagonal maxima, a prominent northerly-trending maximum is distinct
in each of the A-F diagrams of Boss, Edgehill, and Potosi quadrangles.
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This trend is also shown, less significantly, in the diagrams of
Richwoods and Corridon quadrangles.

Note that the diagonal sets

of linears (as indicated by their maxima) shift in their geographic
position from one diagram to the other.

For the exact location and

importance of each maximum the reader is referred to the A-F diagrams
themselves in Figure

1~.

Notice that the northerly-trending set

of linears in the diagrams of Boss and Corridon quadrangles
corresponds in direction to the "Viburnum Trend" especially between
Viburnum and the Ozark Lead Company Mine.

Geographically speaking,

this part of the "Trend" lies within the Boss and Corridon quadrangles.
(see Fig. 2, p. 3 .and Fig. 5, p.

~6

for locations).

A comparison between the maxima in the upper halves (number
of linears in percent) of the A-F diagrams and those in the lower
halves (length of linears in percent) is of interest.
they are directly proportional.

In all cases

This means that for each azimuth

interval the values of the number of linears in percent correspond
rather well with the values of the length of linears in percent.
In other words, the average length of linears in different
directions is more or less constant.
number of linears and the

~otal

Comparison of the total

length of linears on which each

A-F diagram was based confirms this observation and places the
average length of linears as approximately one lineal mile.
The A-F diagrams of the summation of each two adjacent
quadrangles, shown in the central column of Figure 14, retain
peaks visible on the single-quadrangle A-F diagrams.
The summation A-F diagram of the four northern quadrangles

the
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shows two prominent peaks in the northwestern sector and three in
the northeastern compared to an outstanding northerly-, two northwesterly-, and three northeasterly-oriented maxima in the summation
A-F diagram of the southern four quadrangles.
Generally speaking, the peaks are less conspicuous in the
summation A-F diagrams due to a relative increase in the percentage
of the quasi-uniform "background" linears.

Comparison Between Drainage and Airphoto Linears of the Same Areas
The airphoto linears of each of the eight 15' quadrangles were
identified,

annotat~d,

recorded, and A-F diagrams corresponding to

those in Figure 14 are plotted.

These are shown in Figure 13

(transparent overlay on Fig. 14).
Comparison between A-F diagrams shown in Figures 13 and 14
clearly indicate that the number of maxima (peaks) in the airphoto
linears A-F diagrams are less but their magnitudes are greater.
Each A-F diagram of airphoto linears in Berryman, Potosi, Boss,
and Edgehill quadrangles shows a single maximum trending northeasterly and northwesterly.

In the airphoto linears A-F diagram

of Richwoods quadrangle the northwesterly maximum, only, splits
but in the A-F diagrams of Corridon and Lesterville quadrangles
the northeasterly maxima are the ones which split.
of the Corridon quadrangle, besides, shows

The A-F diagram

a distinctive,

north-

erly-trending maximum.
The conclusions arrived at from the comparison of A-F diagrams
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of airphoto linears (Fig. 13) and drainage linears (Fig. 14) are
summarized as follows:
1.

In corresponding A-F diagrams, there is a limited

similarity in the geographic positions of maxima especially for
diagrams based on unit areas equal to one quadrangle each (those
on the left-hand side of Figures 13 and 14).
2.

The maxima shown on the airphoto linears A-F diagrams are

also recognized on their corresponding drainage linears A-F
diagrams, although sometimes having different magnitudes and/or
shift in direction by up to 20°.
3.

The background airphoto linears are less than those of

the drainage linears (less scattering).

This is especially clear

in the summation A-F diagrams.
4.

The writer, on the basis of experience gained from this

study, believes that much better correlation between the pattern
of airphoto linears and drainage linears can be achieved if only
stream tributaries more than two miles long (rather than one mile
or less as used in the present study) are used in the drainage
lineation analysis of the southeast Missouri area.

Smaller

tributaries seem to be influences to a large extent by topography
and to some extent by local structures.

Comparison Between Drainage Linears Based on Two Different-Scale
Maps of the Same Areas
To check whether the drainage linear patterns are consistent
or not through change of scale of the topographic maps used for
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drainage network analysis, the writer studied the four 7 1/2'
topographic quadrangle maps* equivalent to the Potosi 15'
quadrangle.

This latter was chosen for detailed study because it

is the only quadrangle of the eight 15' ones studied for which both
scales of topographic maps are available (see Fig. 2, P• 3, for
available topographic

~p

coverage) •

. In the analysis of these 7 1/2', quadrangles,

tribu~aries

less

than one inch long on the map (corresponding to 0.38 lineal miles)
were neglected.

So tributaries (between 0.38 and 0.99 miles) are

considered in this case although were not included in the study of
the eight 15' quadrangles discussed in the previous section.
In Figure 15, the A-F diagrams of drainage linears of the four
quarters of the Potosi 15' quadrangle (A-1 through A-4), their
equivalent four 7 1/2' quadrangles (B-1 through B-4), and their
summations respectively (A-5 and B-5) are shown.
In most cases the same maxima are conspicuous in both the
(A) and (B) groups of A-F diagrams, although the size and relative
importance of corresponding maxima in the two groups are not
exactly alike in most cases.

A local northerly trend conspicuously

shows up in A-F diagram B-4 but not in the corresponding A-4 diagram.
The percentage of background linears is, on the average, less
in the (A) group than the (B) group.

The summation A-F diagrams

A-5 and B-5 correspond remarkably well in terms of the directions
and relative importance of their major maxima.
The significant variation in the magnitude (length and width)
of maxima in the A-1 through A-4 A-F diagrams and their corresponding

---------------------~---------~---------------------------------*Scale 1:24,000~r 1 inch:.38 mile.)
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Number of linears
in percent. ~

N

Length of lin~
in percent.
Figure 15. Azimuth-frequency diagrams showing the relationship
between the drainage linears of the four quarters of Potosi 15'

T.N.: Total number of linears.
T.L.: Total length of linears in lineal units.

quadrangle (A), the equivalent four 7 1/2' quadrangles (B), and
their summations respectively.

For (A) diagrams: one lineal unit = .99 mile
For (B) diagrams: one lineal unit = .38 mile
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B-1 through B-4 diagrams is due to the introduction of smaller
linears (corresponding to tributaries between .38 and .99 miles
long) in the (B) group.

Because of this, the number of linears

is approximately quadrupled in the (B) group.
The upper and lower halves of each A-F diagram show a direct
proportionality in the significance of corresponding maxima,
but the two halves are not exactly alike.

There is about 0 to 4

percent difference between the percentage of the number of
linears and the percentage of the length of linears for each 10°
sector of azimuth, e.g., if the percentage of the number of linears
in the N 10 E to N 20 E sector of a given A-F diagram represents
18 percent of the total number of linears considered for the

diagram, the percentage of the length of linears in this sector
may be 18 percent or anywhere between 14 percent and 22 percent
of the total length of linears of that diagram.
For each A-F

~iagram

in Figure 15 the value of the total

length of linears is given at its lower right corner in terms of
lineal units.
(B) groups.

These lineal units are different in the (A) and
A lineal unit in the (A) group equals .99 mile while

that of the (B) group corresponds to .38 mile.

Thus values of total

length of linears in groups(A) and (B) cannot be correlated directly,
and one unit should be converted to the other before numerical
comparison.

The values of the total length of linears in groups

(A) and (B) are given in different lineal units to demonstrate an
unintentional subjectivity which might have developed during the
analysis.

Far each A-F diagram in the (A) and (B) groups the ratio

of total length (T.L.) to total number (T.N.) of linears is
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approximately equal to unity.

In the (A) group one unit is

equal to .99 mile corresponding to one inch on 15' topographic
maps used.

In the (B) group one unit is equal to .38 mile

corresponding to one inch on the 7 1/2' topographic maps.

So,

the possibility exists that there might have been a degree of
subjectivity on the writer's part for preference of linears about
one inch long on the different-scaled maps.

121

Chapter VI

AIRPHOTO LINEATION PATTERNS IN SOUTHEAST HISSOURI
MINEROGENIC PROVINCE
General Statement
The prin·c ipal parameters foi" identification of airphoto
lineations used in this study were soii tone t vegetation, drainage,
and topography.

These four parameters were used singularly to

identify different linears although very. frequently more than
one parameter · tt~ as , considered in the identification of a
single linear feature.

Not all straight or nearly straight

stream segments were analyzed as linears, the writer followed
Barton's ( 1933) and Henderson's ( 1960) recommendations in
this regard (see p.

93 ) •

The procedure followed in this study of linears and lineaments
from aerial photographs was given on pages 12-14.

Further

information about procedures of similar studies can be found in
Blanchet (1957), Lattman (1958), and Kelley and Clinton (1960).
Although faults and fault zones more than ten miles long

are known ·to exist in the southeast Missouri area no airphoto
lineations extended continuously or serni~continuously this far
on the ASCS airphoto indexes.

Consequently_no airphoto

linea~ents

(ten miles or more long) were recognized and all the linear
features of that study, are in fact airphoto linears (less than

ten miles long).

However, in the lineation analysis of the Army

Map Service high altitude airphoto index sheet both· lineaments
and linears - were· recogni-zed.
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The airphoto lineations obtained were not compared with the
geologic and structural maps of the area until the completion of
the analysis (annotation, processing, and plotting).

At no time

during the analysis were the existence and locations of structures
and/or any specific rock formation considered.

Literature describing

the geology and structure in and adjacent to the Metallogenic Province
was

~~t

consulted until after the completion of the analysis also.

The patterns of airphoto l.inears recognized on the ASCS
airphoto indexes were plotted in a series of ten county-size
base maps (scale

~

inch:l mile) and then photographically reduced.

These patterns, arranged according to the geographic location of
the counties starting from the western side of the total area
studied, are shown in Figures 16 through 25.

A-F diagrams corresponding

to these patterns were plotted, for the total area as a whole, on two
different scales based on two differently-sized unit areas (Fig. 26
and Plate III).

And the density distribution of these airphoto

linears is plotted as iso-lineation contours, for the two above
mentioned differently-sized unit areas, on two separate base maps
(Figures 28 and 29).
The pattern of airphoto lineations identified on the Army Map
Service high altitude airphoto index sheet is presented graphically
in form of an A-F diagram in Figure 27.

Maps of the Total Fields of Airphoto Linears
Airphoto Linears of Phelps County
The pattern of airphoto linears in Phelps County (Fig. 16)
shows a distinct preferred orientation in the northeast and northwest
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directions.

The county is remarkably rich in linears.

However,

a word of caution should be noted because it is the second most
densely-populated (25,396) county in the total area studied.

A

more-than-average percentage of human-imposed linears (probably
1-2 percent of the total) were believed to have been inevitably
included in the interpretation.

The decrease in density of airphoto

linears in the northeastern and east-central parts of the county
is due to an increase in the percentage of cultivated land and
urban areas.

The patchy appearance of the linears concentrations

is due to the interruption of the pattern by cultivated lands
along stream valleys and elsewhere.

These areas commonly show

less-than-average density of airphoto linears because the number
of recognition criteria for linears decreases to one in nearly
all cases; namely, subtle soil tonal variations.
The writer found it helpful to carry vegetation alignments
from surrounding wooded areas into the cultivated fields and
stream valleys to aid in the recognition of the subtle to very
subtle tonal linears.

Airphoto Linears of Dent County
Dominant linear trends of this county are oriented
northeasterly and northwesterly (Fig. 17).

The decrease in the

concentration of airphoto linears, as in Phelps County, is
directly proportional to the percentage of cultivated land and
urban centers.

This is most conspicuous in the central, west-

central, northwestern, and southwestern parts of the county.
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Airphoto Linears of Shannon County
Although the prominent trends of the airphoto linears
in this county are also northeasterly- and northwesterly-oriented,
another set of linears of northerly direction appears in different
parts (Fig. 18).

The decrease of the linears density in the

southwestern corner of the county is attributed to an increase
in the cultivated land.

The patchy appearance of the linears in

this county is a result of interference of stream valleys with
their less-than-average linears density.
Along a line extended between the letters AA' in Figure 18,
is a local zone of•conspicuously higher concentration of linears.
A similar zone can also be seen along a line extending westerly
from the location of the letter B, especially between B and the
AA' line.

These are not natural increases in the airphoto linears

concentrations but a result of imperfection in the
of data from different airphoto index sheets.
called an "edge effect".

~ompilation

This is commonly

The county is covered by four airphoto

index sheets, each covering about one quarter of its area.
The two zones of local linear concentrations noted are the
overlapping contact zones between them.

Such zones are analyzed

twice, once during the study of each sheet.

In most cases more

than 80 percent of the linears shown on one index sheet are shown
as duplicate on the other sheet in these edge zones, sometimes
with a small variation in trend and/or length; these are referred
to as "matched linears".

The remainder of 1he lin ears (less than

20 percent) are shown on one index sheet but not the other.

These

are called "unmatched linears" and are conmonly subtle to very
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subtle in nature.

The reason for the recognition or nonrecognition

of these linears is not only due to personal preference
(subjectivity) on the analyst's part but may also be due to
mechanical photographic reasons.

The edge zones are photographed

twice, once in each of the adjacent index sheets and there may be
as a result, a slight variation in tone and/or shadow which
can subdue or enhance the appearance of some of the linears in
one or the other index sheet.

To overcome this problem the

writer considered only one pattern as exists on one index
sheet for the matched linears.

But for the others (unmatched

linears) the two index sheets were re-examined to check the
identification and reliability of the disputed linears.

If the

area had a less-than-average density of linears, all confirmed
linears were included.

But, if more-than-average density of

linears existed, priority was given to the more conspicuous
linears and those identified by more than one recognition
criterion.

In this case, the more subtle linears were frequently

omitted.
Linear zones of concentrated lineations other than those
due to the "edge effect" can be seen in Figure 18.
have been due to natural and/or mechanical factors.

These might
Of the natural

factors, for example, are linear stream valleys, with their lessthan-average linears concentrations, which may separate linear
zones of average or more-than-average linears concentrations.
Other geological reasons could be folds, or fault zones.

Most

important among the mechanical factors are the linear alignments
of individual photographs within individual airphoto indexes
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in strips aligned essentially in a north-south direction.

An

unintential subjectivity may arise for quantitatively identifying
more linears parallel or diagonal to these airphoto-strip alignments.

Airphoto Linears of Crawford County
Prominent sets of airphoto linears, in decreasing order
of abundance, are oriented in northwesterly, northeasterly, and
northerly directions (Fig. 19).

The slightly above average

density of linears in the northeastern corner of the county is
probably the result of either or both lithologic variati0ns and
subjectivity.

Study of the geologic map of the area (Plate I)

favors the first reason, but comparison with the airphoto linears
pattern of adjacent Washington County (Fig. 20) 1 lends support to
subjectivity.

A clearer idea of the meaning of such density

variations of linears will be formulated when the 10 county-sized
area is considered as a whole.
The area around A in Figure 19 outlines the location of
the Crooked Creek polygonal structure.

Airphoto Linears of Washington County
The airphoto linears of this county (Fig. 20) show
prominent sets trending in northeasterly and northwesterly
directions.

The density of the linears in this county is -probably

related to the abundance of cultivated land, stream valleys, and/or
lithologic differences.
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Airphoto Linears of Iron County
In addition to the prominent northwesterly and northeasterly sets of linears in Iron County (Fig. 21), there is a
conspicuous northerly-trending set.

The decrease in the density

of linears in the extreme northeastern and southern parts of the
county is due to an increase in the area of cultivated lands.
Increase of density of linears near the re-entrant angle of this
county is due to the greater exposure of bedrock.

Along a line

extending between A and A' in Figure 21, the increase in the
density of linears is due to "edge effect".

This has been

discussed earlier.(pages 126 & 128).Note that the average density
of linears in this county is conspicuously higher than that in
Crawford and Washington Counties.

Airphoto Linears of Reynolds County
Major sets of airphoto linears in Reynolds County trend
northwesterly, northeasterly,and northerly (Fig. 22).

The density

of linears compares closely with that of Iron County.

Because of

minimal presence of cultivated lands in this county, the linears
have a relatively uniform distribution.

Airphoto Linears of St. Francois County
Two very prominent sets of airphoto linears characterize
the linears pattern of this county (Fig. 23).
easterly and the other northwesterly.

One trends north-

The decrease in the density

of linears in the central• east-central,and south-central parts
is due to an increase in cultivated and urban lands.

The increase
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in the concentration of linears in the southwestern part of the
county is due to more bedrock exposures and thin residuum in
this area.
This county has the highest population in the ten counties
studied.

The human-imposed linears were carefully checked and

any doubtful ones were not considered.

However, inevitably a

more-than-average number of these linears is assumed to have
crept into the final airphoto linears pattern of the county.
However, in the writer's judgement these did not exceed 1 to 2
percent of the total linears recognized.

Airphoto Linears of Madison County
Two prominent sets of airphoto linears are illustrated
on the linears map of Madison County (Fig. 24).
northwesterly and the other northeasterly.

One trends

Decrease in the

density of linears in the northern part of the county is due to
an increase in the area of urban and cultivated land.

The southern

half of the county also shows thinner residuum and local exposures
of bedrock, especially in the southeastern corner.
The traceable, above average, increase in the linears
concentration along a line extending from A to A' in Figure 24 and
a line trending easterly from B is due to "edge effect".

Airphoto Linears of Wayne County
Two well-developed sets of airphoto linears trending
northwesterly and northeasterly and a less prominent northerlytrending set are the preferred directions of the airphoto linears
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pattern in this county (Fig. 25).

The scattered distribution

of the linears is due to small patchy cultivated lands and broad
stream valleys.

The average density of airphoto linears in Wayne

County is less than that in Iron and Reynolds Counties.

Azimuth-Frequency Diagrams of Airphoto Lineations
Azimuth-Frequency Diagrams Based on 225-Square Mile Unit Areas
General Remarks
Figure 26 shows a set of twenty-two A-F diagrams
plotted for the airphoto linears shown in Figures 16 through 25.
The total

ten-cou~ty

sized area, in this case, was considered as

a whole and the A-F diagrams are plotted for unit areas each
equivalent to 225 square miles (15 miles x 15 miles).

No A-F

diagrams were plotted for the marginal parts of the area where the
grid units were less than 80 percent inside its outer boundary.
These diagrams clearly express the major regional trends of the
airphoto linears characteristic for the southeast Missouri area.
Each A-F diagram was first plotted separately on a standardized,
four inch-diameter, systematically subdivided circular base.

Such

diagrams were then pasted on a base map showing the outline of
the ten counties and the grid pattern used.

This map was later

photographically reduced to an appropriate size to fit easily
in the format of this dissertation.
The upper halves of the A-F diagrams show the number of
linears in percent per each class interval of azimuth (10°); and
the lower halves show the corresponding lengths of linears in
percent, also. per each class interval of azimuth.

The values of
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total number (T.N.) and total length (T.L.) of airphoto linears
for each of the twenty-two A-F diagrams in this figure are given
in Appendix III.
For each A-F diagram the ratio of T.N.:T.L. is, in most
cases, equal to one plus or minus 0.2.

Similarly, in any A-P

diagram and for each class interval of azimuth the ratio of the
number of linears in percent to the length of linears in percent
is usually equal to the

unity~

0.2.

In other words, the maxima

shown in the two halves of each A-F diagram in all cases are
similar but not necessarily exactly equal.
A consistent·diagonal system of airphoto linears is quite
distinct in all the A-F diagrams shown in Figure 26 with dominant
northeasterly and northwesterly sets.

However, the relative

importance (statistical significance) ofeach varies from one
diagram to the next.

This variation is believed to be mainly

due to the effect of local structures especially faults.

Splits

near the ends of some of the maxima in different A-F diagrams
may also be due to interference by local structures.

The deeper

the split the more statistically significant is the distinction
between the twin directions (or sub-sets).

This is shown for

example in case of A-F diagrams A-4, A-3, and B-3.
In addition to the diagonal system of airphoto linears, a
much less conspicuous, axially-oriented system with

north-

south (meridional) and east-west (equatorial) sets of airphoto
linears is also shown in some of the A-F diagrams.
only one set of this system is present.

Frequently,

In the southeast Missouri

area, the northerly-trending set is relatively much more prominent
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and frequent than the easterly-trending set.

The northerly

trend is shown distinctly in A-F diagrams C-2, C-3, D-4,

D-5, E-3, and F-3 and also detected in some others.

The easterly-

trending set of airphoto linears is noticed in A-F diagrams
B-5 and F-3.
Generally speaking, the maxima in some of the A-F diagrams
show local shifts in directions up to 20° in some cases.
geographic shifts are not consistent on a regional scale.

These
Within

the predominant diagonal system of airphoto linears, the northwesterly
set shows less deviation from the 45° position than the northeasterly.
The former in

mos~

cases trends N 30 W to N 50 W and the other

N 30 E to N 60 E.

Correlation Between Maxima of Airphoto Linears and Lithology
To check the relation, if any, between the pattern
of airphoto linears in the different A-F diagrams and lithology,
Figure 26 is studied in conjunction with the general geology map
of the area (Plate I).

Unit areas C-5 and C-6 are located mainly

in the St. Francois Mountains.

The pattern of airphoto linears

shown in the A-F diagrams of these . two unit areas is mainly that
of the Precambrian granitic intrusions (especially C-6) and
volcanics.

A-F diagram B-6 overlies a large part of the major

Lamotte sandstone exposure in the area and in part the Bonneterre
formation and the Elvins Group.
A-F diagrams B-5, C-4, E-5, and in part D-4 show the airphoto
linears pattern of an exposure of predominantly Potosi-Eminence
formations.

The Gasconade formation does not form large continuous
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outcrops but, to a certain extent, the pattern of airphoto
linears of this formation can be shown in A-F diagrams A-4, C-3,
and E-4.

A-F diagrams B-1, B-2, B-3, C-2, and F-3, to a large

extent, show the pattern of airphoto linears of the Roubidoux
formation.

A-F diagram A-3 shows the airphoto linears pattern of

the faulted Pennsylvanian rocks.
From this correlation between the geographic locations of
the A-F diagrams and the lithology in the area, it is clear that
there are distinct differences in the patterns of .the airphoto
linears of the same lithologic unit in different locations.

The

magnitude of these differences is no less than the differences
in airphoto linears patterns on different lithologic units.

Correlation Between Maxima of Airphoto Linears and Structures
There is a plausible correlation between the trends
and relative importance (magnitude) of maxima in the different
A-F diagrams and the major fault zones in the area.

For example,

A-F diagram A-3 shows a split in its northwesterly-oriented maximum.
This appears to correlate with the trends of parts of the Cuba
and Berryman fault zones in Crawford County (see Fig. 4, p. 35
and Plate I for fault locations).

A-F diagram A-4 seems to be

affected by parts of the Berryman, Ste. Genevieve, and Shirley
fault zones as well as two other smaller faults.
The four different trends shown in A-F diagram B-3 indicate a
local interference with the regional pattern by the Crooked Creek
structure and the southern part of the Cuba fault zone.

The effect

of the easterly-trending Palmer fault zone is not clearly expressed
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either· in this diagram
zone is shown in

A~F

or in diagram B-4.

However, this fault

diagrams B-3 S\-1 ,· B-4 SW, and B-4 SE of

Plate III.
The predominant northwesterly maximum in A-F d~agram B-4.
is correlated with the - southern part of the .Berryman fault
zones.
A-F diagram B-5 shows a split in its northwesterly maximum
which seems to be related to changes in the trends · of the Shirley·
and Palmer fault zones.

The prominent northeast maximum of this

diagram is correlated with the general trend of the Big River fault
zone.

The small east-northeast maximum in this diagram might be

related to an influence of a small branch of the Big River fault
zone.
A-F diagram B-6 shows a stronger northeasterly component

.

which correlates rather well with the northeastern part of the
Big River fault zone.

This diagram does not include the north-

westerly-trending Ste. Genevieve fault zone but includes the
northwestern part of the Simms Mountain fault zone and the northwesterly-trending Farmington anticline.
A-F diagrams D-4 and D-5 seem to indicate an influence of
the northwesterly-trending Black River fault zone while diagram
E-4 sho\orS the effect of the Southwest Reynolds fault zone.

Azimuth-Frequency Diagrams Based on 56.25-Square Mile Unit Areas
General Remarks
Plate III shows a detailed presentation· in the - ·
form of 112 · A-F · diagrams of the airphoto liriears of the total area studied.
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It clearly shows the regional pattern of airphoto linears as
well as many of the local characteristics.

An A-F diagram, in

this case, is plotted for each one-fourth of the unit areas used
in Figure 26, i.e. for unit areas each equal to 56.25 square
miles (7 1/2 miles x 7 1/2 miles).
For accuracy and convenience, each A-F diagram was first
plotted separately on a four inch-diameter, systematically
subdivided circular base.

Such diagrams were later pasted on a base

map showing the outline of the counties and the grid used.

This

map was then photographically reduced to an appropriate size.
As in Figure 26, the upper half of each A-F diagram represents
the number of airphoto linears in percent of the 18 classes
(intervals) of azimuth (each

= 10°).

The lower half shows the

length of airphoto linears in percent of the respective classes
of azimuth.

The values of the total numbers

(T.N.)and total

length. (T.L.) of airphoto linears of each A-F diagram are given
in Appendix IV.
For each A-F diagram the ratio of T.N.:T.L. is, in most cases,
equal to one + 0.3.

And for each class interval of azimuth, in

any A-F diagram of Plate III, the ratio of the number of linears
in percent to the length of linears in percent is also commonly
equal to one + 0.3.
The diagonal system of airphoto linears predominates in
almost all the A-F diagrams of Plate III.

The two sets of this

system; the northeasterly and northwesterly, are expressed in every
diagram but the magnitudes of their maxima vary from a ratio of 1:1
to 4:1 (or 1:4).

The axial system of airphoto linears is much less
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prominent and statistically less significant than the diagonal system.
Also in this case, as it is in Figure 26, the northerly-oriented
(meridional) set is relatively much more frequent and ·significant
than the easterly (equatorial) set.
In addition to the airphoto linears sets belonging to the
above described systems, one or more other sets of linears
which are similarly impressive are shown in a few A-F diagrams
Examples of these are . in diagrams D~2 N\·1 , E-3 SH,

of Plate III.
E-6

SE, E-7· NW, E-7 SW, and F-7 NW.
Some of the maxima of the four sets of the diagonal and

axial systems of airphoto linears as well as the others show
local shifts in their trends, up to 20° in some cases.

These

azimuthal -shifts, however, are not consistent on a regional scale.

Correlation -Between r1axima of Airphoto Linears and Lithology
In regard to the relation between the patterns of
airphoto linears in the different A-F diagrams and lithology,
Plate III is studied in conjunction with the geologic map of the
area (Plate I).
A-F diagrams C-5 SW, C-5 NE, C-5 SE, C-6 NH, and C-6 S\-1
express the pattern of airphoto linears on surface exposures and
near surface bedrock of mainly Precambrian intrusives and
extrusives.

Particularly, the latter two diagrams show

pattern on the granitic rocks.

~he

linears

A-F diagrams B-6 SE represents the

pattern of airphoto linears in an area of . predominantly Lamotte
sandstone.

A;_F diagrams A-5 NH, A-5 SW,

A~s

SE, B-4 NE, B-5 NH,

B-5 NE, and diagrams D-4 SE, D-5 SW, E-4 NE, E-5 NW, E-4 SE, and
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E-5 SW represent the airphoto linears of the Potosi-Eminence
formations while diagrams C-3 NW, C-3 NE, C-3 SE,
D-3 SW, D-4

sw,

0~3

NE, D-3 SE,

E-4 SH, and E-4 SE show the pattern of the

Gasconade fonnation.

The Roubidoux formation, as shown _on the

surface geology map (Plate I), extends broadly over·two parts of the
area studied, one in the northwest corner and the other in the south- .
east.

The airphoto linears of this formation are represented in

A-F diagrams E-5 SE, E-6 NE, E-6 SW, E-6 SE, E-7 NH, E-7 SW, F-5 NE,
F-6 NW, F-6 NE, and also diagrams C-1 NW, C-1 NE, C-2 WN, C-2 NE,
C-2 SW, C-2 SE, D-2 NW, and D-2 NE.

Airphoto linears of the Pennsylvanian

System are shown in A-F diagrams A-2 SE, A-3 NW, A-3 NE, A-3 SW,
and A-3 SE.
From this correlation between the geographic locations of the
A-F diagrams and the surface
~ithologic

~xposures

of the different

units, it seems, as concluded also for the diagrams

in Figure 26, that there are distinct differences in the patterns
of the airphoto linears of the same lithologic unit in different
locations.

The magnitude of these differences, however, is no

less than the differences of the patterns of airphoto linears on
different rock units.

It seems that there is no clear relation

between the trends of airphoto linears sets in the area covered by
Plate III and lithology.

Furthermore, there is no distinction

between the patterns of airphoto linears developed within the Precambrian - intrusives and/or extrusives and those developed on the
predominautly carbonate Paleozoic rocks.

However, as will be

discus~ed later, .. a consplcuo~s v~riati~n . in the density ( ~oncentration)

of airphoto .linears. exists between the Precambrian. igneous rocks on one hand and the

· Pa~eozoic

sedimentary formations on . the other. ·

~8

No significant changes in the lineation trends with variations
in age were observed either within the Upper Cambrian to Pennsylvanian
stratigraphic section or between these Post-Upper Cambrian formations
and the Precambrian units.

However, the density of these airphoto

linears is known generally to decreaseprogressively with decrease

in age (Fig. 28 and 29).

Correlation Between Maxima of Airphoto Linears and Structures
As to the relation between the airphoto patterns
expressed in the A-F diagrams of Plate III and structures, there
is a strong

agreem~nt

and coincidence between the directions of

many maxima of the diagrams and the trends of faults, especially
in the northeastern part of the area where the fault pattern is
known rather well.
The northwesterly-trending Simms Mountain fault zone is located
in unit areas D-7 NW, C-7 SW, C-6 NE, and B-6 SW (for the exact
locations of the different fault zones see Fig. 4, p. 35 and Plate I).
The strongest effect of this fault zone is_ shown in the statistically
more significant northwesterly maxima of the A-F diagrams C-6 NE
and B-6

sw.

A-F diagrams B-5 SE, B-6 NW, and B-6 NE are located on the
northeasterly-trending Big River fault zone.

The strong north-

easterly maxima in these diagrams is a clear indication of the
influence of this prominent fault zone.
The Palmer fault zone trends northwesterly within unit areas
C-6 NW, C-5 NE, B-5 SE, and B-5 SW; turns west-northwestward in
the area between B-4 NE and B-4 SE, then reverses its trend to
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southwesterly in B-4 SW,and finally strikes in an approximate
westerly-direction in B-3 SE and B-3 SW where it ends at the
Crooked Creek structure.

There is a plausible agreement, in

trend and to a certain extent magnitude, between the northwesterlyoriented southeastern part of this fault zone and the northwesterlytrending maxima of the A-F diagrams plotted for this area.

The

local northeastern trend-reversal of the central part of the
fault zone is only weakly expressed in A-F diagram B-4 SW and the
main northwesterly maximum of this diagram probably indicates
an interference by the southwestern part of the Berryman fault
zone.

The

wester~

part of the Palmer fault zone is only

imperceptibly indicated in A-F diagram B-3 SE and weakly shown in
diagram B-3

sw.

However, these two diagrams show the multi-

directioned linear sets resulting from the local disturbance of
the Crooked Creek structure.

The northwesterly-trending Shirley

fault zone is located in unit areas B-5 NW, B-4 NE, and A-4 SE and
its influence is clearly indicated by the strong northwesterly
maxima of these diagrams.
The Berryman fault zone extends northwesterly through unit
areas B-4 NW, A-4 SW, and A-3 SE and then changes direction to
northeasterly and back to northwesterly in A-3 NE.

The northwesterly

maxima are the most prominent of the maxima present in diagrams
B-4 NW and A-3 SE but are preceded in significance by the northnortheasterly maximum in diagram A-4

sw.

In regard to A-F

diagram A-3 NE, because of the change in the trend of the
fault zone from northwest to northeast and then back to northwest.
the northeast and northwest maxima are almost equally prominent
and significant.
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The Cuba fault zone trends northwesterly in unit areas
expressed by A-F diagrams A-3 SW and A-3 NW and then turns gently
to follow a northerly direction near the northern boundary of
Crawford County.

Its trend corresponds to a broad northwesterly-

oriented maximum in the former diagram and a strong northwesterly
maximum and a smaller north-northwesterly maximum in the latter.
An important local northwesterly-oriented fault zone in the
St. Francois Mountains is located within the unit area of A-F
diagram C-6 NW.

The northwesterly maximum of this diagram has

an orientation similar to that of the fault zone.
The northwesterly-trending Black fault zone is located in
unit areas D-5 NW and C-4 SE.

The Southwest. Reynolds fault zone,

trending also northwesterly, is located in unit areas E-4 NE
and E-4 NW.
The Avon diatremes are located just to the north of the unit
area of A-f diagram C-7 NW.

The . Furnace Creek structure is

located near the center of unit area B95.

The more-than-average

number of maxima in the four A-F diagrams of this unit area is
an indication of the interference of the Furnace Creek structure with
the regional pattern of linears.

The northwesterly-trending Ste.

Genevieve fault zone is located northeast of the unit areas of
A-F diagrams C-7 NW, B-6 SE, and A-5 SE and within those of B-6
NE and A-5 NW.
Some of the maxima in several A-F diagrams do not correlate
with the major trends of the fault zones because they much more
likely express small local faults and local reversals in the
trends of some of the major fault zones.

The fault zones as shewn
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in Figure 4 are too generalized and even those outlined in the
Missouri geologic map (Plate I) are not detailed enough to
show this correlation.

The best larger scale and most recent

structural map covering a large part of the area studied is
that of Heyl

~

al. (1965).

The writer recommends this map to

be used in conjunction with Plate III for much better correlation.
However, even with the appreciable correlation between
maxima in the different A-F diagrams of Plate III and the local
faults and fault zones in the area studied, it appears clear that:
1.

Not all significant maxima are expression of faults even

within the structurally well-studied northeastern part of the area,
(e.g. the northeasterly maximum in A-F diagram A-5 NW).
2.

The maxima paralleling the directions of local structures

are not the most significant in their respective A-F diagrams
(e.g. the strong northeasterly-oriented maximum in diagram C-7 SW

is essentially at right angle to the less significant northwesterly
maximum which parallels the Simms Mountain fault zone).
3.

In some cases, a distinct fault or part of a fault zone

does not cause a discernible maximum in the patterns of some A-F
diagrams (e.g. the westerly-trending sector of the Palmer fault
zone does not appear distinctly in A-F diagram B-3 SE).
4.

Some very well-defined maxima do not correlate with

known faults in the district (e.g. the northwesterly maxima of
A-F diagrams C-1 NW, C-1 NE, B-1 NW, B-1 NE, and F-3 NE).

Also,

the northeasterly maxima of A-F diagrams A-1 SE, B-1 SW, B-2 NW,
B-2 NE, E-3 NW, and E-5 NW.
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5.

Some A-F diagrams show more-than-average numbers of distinct

maxima which do not appear to be related to known local structural
disturbances (e.g. A-F diagrams .D-2 N\-1, E-3 NE, E-3 SH, E-3 SE,
E-4 NW, E-7

N"t~,

E-7 SW, and F-7 NW).

The above noted discrepancies may be due to concealed,
hitherto undiscovered, structures and/or local causes.

These

latter will be discussed in Chapter VII.

Azimuth-Frequency Diagrams Based on Airphoto Indexes of Two
Different Scales
Figure 27 shows the A-F diagram of the lineation pattern
based on the Army Map Service high altitude airphoto index sheet
No. 14 (Project No. 70 - Area A, 1949-50).

Scale of this sheet

is approximately 1:350,000 based on aerial photographs of
1:70,000 scale.

The sheet ~ove;s an area about ·_ 5,000 square miles

in and adjacent to the southwestern part of the Minerogenic
Province (see index map in Fig. 27).
The linea·tion pa·ttern is characterized by a dominant
diagonal system of linears and lineaments with broad maxima
trending northeasterly and northwesterly.
an axial system with
linears and lineaments.

Also conspicuous is

easterly- and northerly-trending sets of
The zone of overlap between the area

studied by this high altitude airphoto index sheet and that
studied by the lower altitude ASCS index sheets is represented by
A-F diagrams D-3, D-4, E-3, E-4, and F-3 of Figure 26 and A-F
diagrams D-2 NW, D-2 NE, D-2 SE, D-3 NW, D-3 NE, D-3 SW, D-3 SE,

D-4 NW, D-4 NE, D-4 SH, D-4 SE, E-2 NE, E-2 SE, E-3 NW, E-3 NE,
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N

Number cf linear
features in %

(A)

Length of linear
features in %

Total nwnber of linear features:
Total length of linear features:

6'72
609.75 lineal miles

(B)

Figure
27 • Analysis of airphoto lineations in :oarts of
southeast and south-central l-1issouri based on the Army Map
Service high altitude airphoto index sheet 14 (Project
_No. 70- Area A, 1949-50).
(A) Azimuth-Frequency diagram.
(B) Index map showing the
area covered by Sheet 14 (red), the area studied by ASCS
airphoto index sheets (yellow) and the zone of overlap between them
(orange).
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E-3 SW, E-3 SE, E-4 NW, E-4 NE, E-4 SW, E-4 SE, F-2 NE, f-2 SE, f-3
NW, F-3 NE, F-3 SW, and F-3 SE of Plate III.
There is a striking correspondence in lineation pattern o f A-f
dia~ram

of Figure 27 and those of the five partly overlapping A-f

diagrams of Fig ure 26 men tioned above.

The diagonal syst em o f lineations

is distinctively expressed in all the A-F diagrams.

The northerly-

trending set of lineation is conspicuous in four out of the 5 A-F
diagrams of Figure 26.

However, the significant easterly-trending

lineation set of Fig ure 27 is hardly recognizable in the A-F diag rams
of Figure 26.

Only A-f diagram r-2 of this Fig ure shows a small

maximum corresponding to this set.
The A-F diagrams of Plate III covering the zone of overlap show
similar relations to those of Figure 26.

The diagonal system of

lineation is well demonstrated although sometimes masked by some local
interference.

The axial system is conspicuous, although of secondary

importance, in many of these diagrams.

The easterly set of lineations

is conspicuous although not so prominent as the case in Fig ure 27.

Density Distribution of · the Total Field of Airphoto Linears in the
Minerogenic Province
Map Based on 225-Square Mile Unit Areas
Figure 28 shows the density distribution of the total field
of airphoto linears in southeast Missouri constructed as described on
page 87.

The values used are those of the total length of linears

presented in lineal miles per unit areas of 225 square miles each.
These values are recorded in Appendix III.
The pattern shown in this figure is characterized by a prominent
positive "ananaly" (closure) in the central part of the area.

The

highest-value contour (800) encloses this oval, easterly-elongated,
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clos~re

centered in unit area C-5.

The second highest-value contour

(700) encloses a larger, also easterly-elong ated,closure located
mainly in the northern part of Iron County.

Contour 600 encircles

the above mentioned closures except in the southeast corner of the
area where it is left open because of the lack of more data.
Parts of contours 700, 600, and to a certain extent contour
500 shown in unit area C•3 are more or less northerly-oriented
similar to the general direction of the "Viburnum Trend" between
Viburnum and

Amax-t~co

mine which geographically corresponds to the

area in the vicinity of the western side of unit area C-4 (see Fig.

s,

p. 46 for exact location of the Viburnum Trend).
Away from the central anomaly, the density of airphoto linears
decreases gradually in all directions.

The lowest values are found

in the northeastern part of the area in St. Francois County.

To the

south of the central anomaly the decrease of the density values is
more gentle.

In the northwestern part of the area, after a decrease

of the linears density away from the central high the density starts
to increase again in unit area B-2 but the pattern is incomplete
because of the lack of more information.

The density concentration

of airphoto linears in unit area C-5 is located within the St, Francois
Mountains closely coinciding with the structural peak of the Ozark
Uplift and very close to the highest point in 1'1issouri (Taum Sauk
l1ountain).

The exposed rocks in this area are mainly Precambrian

extrusives and intrusives with smaller remnants of the lower Paleozoic
Lamotte and Bonneterre formations and

those of the Elv ins Group,

A structural contour map, with the base of the Roubidoux
formation taken as the datum has been constructed for the southeast
Missouri area (M. McCracken, Personal communication, 1966).

This
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map shows a closure corresponding to that in unit areas C-5 and
C-4 of Figure 28.

So, it seems that the density maximum of

airphoto linears of unit area C-5 is, to a certain extent,
related to the maximum uplift of the "Ozark Dome".

Another

factor which might have contributed to the existence of this
density high is the inherent difference in lithologic characteristics of the St. Francois Mountains and the sedimentary
formations. Such a difference affects the mechanical behavior
of the rock units and the degree of their yielding by rupture.
Near surface sheeting and exfoliation in the granitic terrain of
the St. Francois

~ountains

might have added to the high density

of linears in these areas too.
From Figure 28, it is clear that there is a gradual decrease
in the density of airphoto linears with the decrease in age
of the lithologic formations from Bonneterre to Roubidoux.
The distinctively low density of airphoto linears in the
area of Lamotte

sand~tone

outcrops in St. Francois County is

not mainly attributed to the lithologic characteristics of this
formation but, in the writer's opinion, is due to a decrease in
the ability ,of recognizing airphoto linears in this area because
of increased cultivated and urban lands and mining activities.
The relative increase in the density of airphoto linears in
unit area B-2 should effectively be extended to the southwest
corner of unit area B-3 to include the Crooked Creek structure
because the maps of the airphoto linears of Phelps and Crawford
Counties (Fig. 16

and Fig. 19) show that the density of linears

in the southwestern corner of unit area B-3 is comparable to that
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in B-2.

It is only because the rest of unit area B-3 has

conspicuously lower density of linears that the total value
given for unit .area B-3 was less· than that of B-2.
As to the relation between the density distribution of
airphoto linears and individual structures in the area, only
some broad correlations can be cited.

Many of the major faults

and fault zones separate areas of distinct lineation density
contrast.

This is understandable because, in most cases, the

verti cal component of displacement of these faults is enough
for different lithologic units to be in juxtaposition.
the iso-lineation

~ontours

Consequently

parallel the trends of major faults

and fault zones unless being complicated by some other factors.
Examples of these are:
1) The northwesterly-trending contours 400, 500, 600, 700,
and 800 in southwestern St. Francois and northeastern Iron
Counties parallel the Simms Mountain fault zone, the southeastern
part of the Palmer fault zone, and few smaller faults in the
St. Francois Mountains.
2) The approximately east-west alignment of contours 600 and
500 in the southern halves of unit areas B-5, B-4, and B-3 coincides
with the general trend of the Palmer fa u lt zone.

Changes in the

trend of contour 600 in this area are correlative with similar
changes in the trend of the fault zone.
The increase in the density of airphoto linears towards unit
area B-2 is attributed to the effect of a multitude of small faults
in this area.

Unfortunately, these faults are not seen either

on the map in Figure 4 (p. 35) or that of the Missouri Geological
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Survey (Plate I) but are shown on the recent geologic map of the
~

Rolla quadrangle (1:250,000) published by Heyl

al. (1965).

On

this latter map also is shown as inferred, a small northerlytrending anticline in the eastern par t of uni t area C-3 within
Dent County and little farther to its n orth.

The location of

this anticline is between and parallel to contours 700 and 600.
It also parallels the part

of the Viburnum Trend in Iron County

and the western half of unit area C-4.

Map Based on 56.25-Square Mile Unit Areas
Figure

~9

shows a detailed density distribution map of

the total field of airphoto linears in southeast Missouri.

It

is similar to the map of Figure 28 except in that the values
considered in construction are those of the total length of
linears in lineal miles per unit areas of 56.25 s quare miles
each (unit areas in Fig. 28 are 225 square miles each).

Consequently,

the number of control points on which this detailed map was based
is four times and the contour values more or less equal to one-fourth
those in Figure 28.

The values of the total length of airphoto

linears of each unit area are given in Appendix IV.
The densitie.s of linears shown in Figure 28 and Figure 29 are
similar in their generalities.

However, because of more control

points in Figure 29, more details are shown.

There is a distinct

relation between the lithology and the density of airphoto linears.
The highest density values are found on the Precambrian extrusives
and intrusives of the St. Francois Mountains.

And as to the

sedimentary section, the density values decrease

progressively with
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decrease in age except for the Lamotte sandstone exposure of
St. Francois County.
The closure of contour 200 centered in unit area C-5
shows more clearly the outline of the area of Precambrian
exposures of the St. Francois Mountains than the closure of
contour 800 of Figure 28.

The smaller but higher-value closure

of contour 250 in the southwest corner of unit area C-5 is
located just to the north of the Taum Sauk Mountain.
The closure of contour 200 in the eastern half of unit
area C-3 and southwestern C-4 reflects the increased density
of linears in a pretlominantly Eminence-Potosi exposure.

The

loop of contour 100. in unit area B-5 and that of contour 150 in
central Reynolds County (most of unit area D-4 and parts of
unit areas D-5, E-4,and E-5) outline the density distribution
of linears on the largest exposures of the Eminence-Potosi
formations in the northeastern and the southern parts of the
area studied respectively.
The boot-shaped loop of contour 100 in the eastern part
of unit areas A-4 and B-4 and the southwestern part of C-5
corresponds to the outline of an exposure of the Gasconade
formation.
The northerly-elongated closure of contour 150 in unit
areas A-4 and B-4 overlies a stream bed exposure of the EminencePotosi formations.
Contour 100 closure in unit area B-3 is more or less
confined to an exposure of predominantly Roubidoux formation and
the closure of the same contour in the northern part of unit area

162

E-3 tentatively coresponds to a near surface occurrence and an
exposure of some Precambrian small knobs and inliers.
Generally speaking, the Precambrian extrusives and intrusives have
a density of linears ranging from less than 300 to more than
150

linea~

miles of linears per unit area (56.25 sq. miles).

The

Bonneterre formation and the Elvins Group, except in the St.
Francois Mountains, have a density of linears ranging from less
than 250 to more than 150 lineal miles of linears/unit area.
The density of linears of these sedimentary rocks in the area of
the St. Francois Mountains is higher because of the interference
by the highly lineated Precambrian rocks.

The Eminence-Potosi

formations show a density of linears value of less than 250 to
more than 100 linea·l

miles/unit area and the Gasconade formation

has a linears density value of less than 150 to more than 50
lineal miles/unit area.

The Roubidoux formation has a density

of linears value averaging 100 lineal miles/unit area.
The density values of airphoto linears on the Lamotte
formation and the Bonneterre formation - Elvins Group, in the
St. Francois County are unrealistically low because of the
increased urban and cultivated lands with the consequent inherent
decrease in the ability of identifying linears on the airphoto
indexes.
The relation between the density distribution of airphoto
linears and individual structures is essentially similar to that
given in the discussion of Figure 28.

Contours 150 and 100 in

southwestern St. Francois County (unit area C-5) parallel the
Simms Mountain fault zone.

Contour 150 in the extreme

no~hern

part
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of unit areas C-5 and C-4 is parallel to the Palmer fault zone.
The deviation in trend of this contour in the southwestern part
of unit area B-3 is a result of the higher-than-average density
of linears (resulting from the Crooked Creek structure).

The

major anomaly in the Southeastern part of unit a 1·e a B-2 is a
result of the cumulative effect of the Crooked Creek structure
and some small faults .in southeastern Phelps County.

The gentler

anomaly of southeastern unit area B-1 is a result of a multitude
of small north-, northwesterly-, northeasterly-, and westerlytrending faults shown on the geologic map of Heyl

~~·

(1965).

The northerly-trending part of contour 200 closure in the eastern
part of unit area C-3 is parallel to the axis of the anticline
inferred by Heyl ~~· (op. cit.).
The Southwest Reynolds fault zone is located to the west
of the northwesterly-trending parts of the two 150 contours
in E-4, southwestern D-4, and southeastern D-3.
The boot-shaped loop of contour 100 in the eastern half of
unit area B-4 and southwestern B-5 is guided on its northern and
southern sides by the Shirley and the Palmer fault zones respectively.
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Chapter VII
REGIONAL AND LOCAL PATTERNS OF AIRPHOTO LINEATIONS
IN THE MINEROGENIC PROVINCE AND THE ORIGIN OF THE
"REGI'1ATIC SHEAR PATTERN"
General Statement
The regional pattern of airp hoto lineations is characterized
by a prominent diagonal system (with a northeast and a northwest
set) and a less conspicuous axial system (with a meridional and
an equatorial set).
The local patterns of airphoto lineations in the area studied
are not consistent and impose different degrees of interference
on the regional pattern.

Different causes and factors contribute

to the development of these local patterns.
Different theories of origin and actuating mechanism(s) of the
world-wide and constant-trending systems of lineaments and linears
commonly referred to as "regmatic shear pattern", have been
introduced since the early decades of the 19th century.

These

theories range from those related to extra-terrestrial (or
planetary-induced) stresses such as polar displacement, changes
in the rotational speed o f the earth, and earth tides, to those
related to internal stresses within the Earth (intra-terrestrial)
such as those resulting from deep-seated tangential compression,
convection currents, and post-glaciation isostatic recovery.

Regional Pattern of Airphoto Lineations
Characteristics
The regional pattern of airphoto linears in the Minerogenic
Province is well demonstrated in Figures 26 and 27 and

P~ate

III.
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A prominent diagonal system of linears and a less significant
axial system characterize the pattern.

Two sets of airphoto linears

are included in the diagonal system; one oriented northeasterly
and the other northwesterly.

These sets are present in all the

A-F diagrams of Figures 26 and 27 and Plate III.
relative statistical si g nificance varies.

However, their

The axial system has

also two sets of airphoto linears; a northerly-trending (meridional)
set and an easterly (equatorial) one.

The northerly set is much

more recognizable in the area studied than the easterly set,
although it is still very much statistically insignificant compared
to any of the two·sets of the diagonal system.
The regional pattern (trends) of airphoto lineations persists
in all kinds of rocks present in the area whatever their lithology
and age.

However, the relative concentration (density) of the

airphoto lineations does vary with lithology and age.

Evidences Supporting the Existence of the Regional Pattern
The structures of the Precambrian rocks of southeast
Missouri were studied by Graves (1938).

He determined the strike

of joints in nearly 100 localities in the St. Francois Mountains
where between 10 and 100 joints were measured in each locality
and supplemented his work by field mapping of selected small areas.
He summarizes his findings as follows:
The dominant structural trend in the pre-Cambrian rocks
of Missouri is N. 50° W. Pre-Cambrian faults and joints
strike in this direction, as do bedding planes in the
pyroclastics and flow lines in the felsites.
Second in
importance are the N. 40° E. structures which include
flaws and joints, and the majority of basic dikes also
strike in this direction. Minor joint systems in the
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order of their im portance are: N. 70° w. and N. 20o E.,
N. - S. and E. - VI. , and N. 70° E. and N. 20o W.
He believes that
••• the pre-Cambrian structures were formed by
compression from the southwest and the source of the stress
must have been located in northern Mexico or the Pacific
Ocean basin as structures in Oklahoma and Texas were
apparently formed from the same stress.
He further notes that
Structures in the Paleozoic rocks have the same
trends as those in the pre-Cambrian. The northwestand northeast-trending structures are due to movements
along pre-Cambrian fault planes.
Fisk (1944, p. 55) in his thorough analysis of the fracture
patter!l of the low.er Hississippi alluvial valley states that
The general configuration of the Mississippi Alluvial
Valley is determined by the distribution and attitude of
the Central Gulf Coastal Plain strata. Faulting along
regional zones [trending mainly northeast and northwest]
determined the local shape and alinement of the valley
walls and the position of tributary valleys [see Figure
30]. Movement along the fault zones represents adjustments to downwarping of the Gulf Coastal Plain margin
and has occurred throughout the history of the region.
Inasmuch as the pattern of the regional fault zones
reflects the structural grain of the continent, it is
believed that faults originate at great depth in the
basement rocks.
As to inter-regional correlation, Fisk (op. cit., p. 66)
elaborates that the fracture system in the Central Gulf Coastal
Plain parallels the mapped systems of faulting within the Interior
Highlands (the Appalachians on the east and the Ozark-Ouachita
mass on the west) and the faulting of the adjacent coastal plains
areas.

And adds that

The fractures are also alined parallel with the
submarine outlines of the deep portion of the Gulf of
Mexico as defined by the angularity of the continental
slope below the 100 fathom line. The fact that the fault
system of the Central Gulf Coastal Plain is but a part of
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(A)
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Au.V"f··~ v........

(B)

Figure
30. Principal fault zones (A) and fracture pattern (B) within
the Central Gulf Coastal Plain (After Fisk, 1944). The counties colored
green in (A) represent the southeastern part of the area covered by the
pres.ent study.
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the fracture pattern of the entire southern United States
is direct evidence that all faulting in the region has
been controlled by weakness in the earth's crust which
antedates the formation of any single feature.
Fisk based his study mainly on analysis of a erial photographs.
Howe ve r, he supplemente d this work by field stud ies of several
faults and the determination of their subsurface displacement by
borings.

The confirmation of the existence of other faults was

done by the direct correlation with subsurface faults mapped by
geophysical methods or from study of well records in petroliferous
areas.

He outlined the evidences of recognition of "his" fracture

patterns as
••• the presenceof scarps offsetting meander scars •••
of abandoned str'e am courses, in peculiarities in the drainage
obviously controlled by adjustments of land along extended
lines, and in sharply defined soil changes along definite
lines •••
He specifies further that
Only those fracture zones which can be readily isola~ed
from a study of aerial photographs and which provide controls
for the development of the regional fracture pattern were
plotted. Several times as many faults as are plotted are
known to exist within the Central Gulf Coastal Plain •••
And then draws the attention
••• to a few isolated north-south and east-west faults
which [he believes] are related to another fault system
not well-defined in the region.
Hayes (l962b) studied the configuration of the

Precambrian

surface of Missouri and recognized several important structural
lineaments.

His map (1962a) is reproduced as Figure 31.

According

to him
Data from 95 holes that penetrated Precambrian rocks
and from 30 holes that bottom in the Lamotte formation
have been used to construct a map showing the configuration
of the Precambrian surface in Missouri.

.
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Test hole sample data. corroborated by statewide
magnetic and gravimetric information indicate several
major northwest lineaments. More obscure evidence
suggests several northeast lineaments. Isopachous maps
of Cambrian rock units confirm that the present configuration of the Precambrian surface was essentially established
before the deposition of the earliest Paleozoic sediments.
As to the identification of lineaments he states that his
••• suggested lineaments have not been drawn by
connecting the crests or troughs of anticlines or synclines.
Conversely, their position has been determined by apparent
zones of weakness, separating blocks each of which may
contain anticlines and synclines. They appear to be
the major zones of crustal flexuring in the area. Within
each block between the lineaments there are prominent
structural features •••
He adds that
It must also be realized that these lineaments are
essentially vertical, or steeply dipping zones and not
planes. Their position as indicated by disturbance of
surface outcrops does not in every place coincide to
their position as determined by subsurface methods.
Undoubtedly, some of the variance is due to lack of
subsurface control and some - particularly in the south
central part of the state - due to the absence or
relative sparseness, of key beds in the thick Cambrian
and Ordovician strata exposed at the surface.
In summary, the above discussion indicates that there is
enough proof for the existence and dominance of the diagonal
system of fractures, lineaments and/or airphoto linears in
southeast Missouri.

The axial system is not so well developed

but is still recognizable in the region.

Local Patterns of Airphoto Linears
Local patterns of airphoto linears are of different character.
magnitude and degrees of interference with the regional pattern.
The causes and variables affecting these local patterns are
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summarized by the writer as follows:
1.

Local structural disturbances, e.g. the Crooked Creek

structure and Furnace Creek structure.
2.

l1ajor primary and diagenetic structures within the

sedimentary section, e.g. reef structures

and slump structures.

These cause variations in the mechanical behavior of the different
rock units and have a strong bearing on the porosity and permeability
of the formations (see 8 below).
3.

Variation in the thickness of the stratigraphic section

on top of the Precambrian basement at least affects the density
of the linears if.the theory of continuous translation of the
linear patterns from the basement into the sedimentary section
is accepted.
4.

Buried knobs and ridges of the Precambrian rocks have

developed local fracture patterns.

s.

Broad gentle fold (wrinkle) structures associated with

the latest uplift of the Ozarks in the essentially brittle,
predominantly carbonate stratigraphic section.

These are not so

much oriented in accordance to the regional and "regmatic" tectonic
pattern* as to the major stress field associated with the uplift.
Some of these fold structures are some hundred feet to several
thousand feet long.

The alignment of these structures, the

fractures and linears patterns developed on each of them, and
the variations in the concentrations of linears in the up-folds
versus the down-folds are some of the variables to be considered.
6.

Slippage along the bedding planes of the sedimentary

-------~--------------------------------------------------------*See pages 173-184.
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formations associated with the fold structures discussed in (5),
affects the distribution of ground water and adds complications
to the pattern of vegetation alignments.
7.

Ground water is a very important subterranean erosive

factor in southeast Missouri as it widens the original joints
and fractures and increases the permeability of the formations.
Collapse structures and sink holes are surface manifestations
of this kind of activity.

a.

Fractures and joints irregularly widened by solutions,

if carrying their ground water to near the surface will develop
erratic vegetation alignments.

Also the broad fold structures

discussed under (4) tend to accumulate more moisture in their
down-warped varieties thus affecting the trends and relative
abundance of vegetation alignments.
9.

Unconsolidated cover complicates the patterns of

airphoto lineation.

Its kind (alluvial deposit, soil, residual

chert, ••• etc.), homogeneity, size of particles, and sorting
are some of the

ever~hanging

variables.

The effects of these

variables on the porosity and permeability are appreciable.
These in turn affect the tonal and vegetational alignments.
For comparison, the relationship between the regional and
local patterns of fractures (airphoto linears) in the Canadian
Shield and adjoining sedimentary basins is presented.

This has

been clearly expressed by Sproule (1962):
Weaknesses in the earth's crust or in localized
portions of the crust are commonly rejuvenated and
perpetuated upward in the geological section; differential
compaction over and around buried competent rock bodies
causes tension cracks; differential compaction under
similar circumstances frequently interfers with the primary
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regional fracture pattern in such a way as to point to
the location of the buried structures concerned; whether
primary fractures continue with no deflection over a
structural feature or not, they do tend to be "opened
up" over such areas of normal tension conditions; rock
and soil tone and vegetation differences show under photointerpretation; and the most minute of fractures, even
in soil and glacial drift, are capable of acting as
channels for the passage of water, sometimes bearing mineral
salts and thus permitting the growth of vegetation with
"specialized tastes".

Origin of the "Regmatic Shear Pattern"
As a result of world-wide . studies including ocean basins
and continents, the existence of repeating

-

~near

and lineament

trends that together form a characteristic pattern in areas of
sub-continental, continental, and perhaps of global magnitude
is confirmed.
pattern".
pattern:

Sender (1947) called this the "regmatic shear

Four major trends are commonly recognized in this
1) northwesterly, 2) northeasterly, 3) northerly

(meridional), and easterly (equatorial).

The diagonal sets

appear to be the dominating ones.
The pattern has been recognized on at least five continents
and the Atlantic and Mediterranean basins.

In North America it

was identified in southwestern United States (Mayo, 1958), the
Cordillera (Wisser, 1957), in Florida (Vernon, 1951) 1 in the
lower Mississippi Valley and the Great Coastal Plain in general
(Fisk, 1944) 1 and parts of the Canadian Shield (Wilson, 1948;
Blanchet, 1957; Mollard, 1957a and 1957b; and Haman, 1961 and
1964).
In South America the pattern was described in parts of the
Amazon basin (Sternberg and Russell, 1952 and Howard, 1965).

In
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Africa the pattern was identified in the Nile basin (Yallouze
and Knetsch, 1954) and for the continent as a whole (Umbgrove,
1947; Brock, 1956 and 1957; and Sonder, 1956).
In Europe the regmatic pattern has been recognized since
the early decades of the 19th century (Umbgrove, op. cit.; Cloos,
1948; and Sonder, op. cit.).

The pattern was also described in

Australia by Hills (1955) and in the Atlantic and Mediterranean
basins by Sonder (op. cit.).
Boutakoff (1952) and Brock (1957) tried to arrange the earth's
major linear features into great circle trends and accordingly
the regmatic

patt~rn

is being formed by the intersections of

these . great circles.
Recently Fielder (1963 and 1966) recognized the same regmatic
pattern (with its diagonal system and the subordinate axial
system) on the near-surface of the Moon.

Even more he inferred

that the famous canals on the Planet Hars, which according to
him are running in well-defined directions, are of similar origin
to those of the lunar and terrestrial lineaments.
As to the nature of lineaments and the constancy of the
regmatic pattern Hobbs (1911) notes that
••• recognition within the fracture complex of the
earth's outer shell of an unique and relatively simple
fracture pattern, common to at least a large portion of
the surface, obscured though it may be in local districts
through the superimposition of more of less disorderly
fracture complexes, must be regarded as of the most
fundamental and far-reaching importance.
It points
inevitably to the conclusion that more or less uniform
conditions of stress and strain have been common to
probably the earth's entire outer shell.
And Mollard (1957b) asserts that
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One of the most striking features of lineaments

is that similar patterns occur in diverse climatic
regions of the world. And to a large extent the patterns
formed are quite independent of topography as well as the
age, composition, and depth of surface materials in
which they are expressed.
Furthermore, Mollard (op. cit.) succintly outlines the
pre-requisites for the actuating mechanism(s) of systematic
lineaments (regmatic pattern) as follows:
••• it is apparent that in order to produce regionally
systematic lineaments that are sometimes clearly, sometimes
faintly represented on contact aerial photographs or small
scale mosaics, the following pre-requisite conditions of
the actuating mechanism are necessary:
a) The forces and processes produc-ing lineaments must
have endured over a great length of time.
b) The geologic processes involved must be continuous
and presently active because lineaments on rolling
glaciated terrain and on muskeg have not been obliterated by weathering and erosion processes.
c) The mechanism required to reflect lineaments to ground
surface must be reasonably simple, for similar patterns
are produced on diverse topography and in diverse types
and depths of surficial deposits that overlie different
kinds of relatively flat-lying sedimentary rocks of
varying thickness.
d) The stress-field necessary to produce lineaments 10
or more miles in length must have originated at
considerable depths below ground surface - probably
below the surface of the crystalline basement.
e) Differential adjustments caused by the stressed-[sic]
field must be either absent or must develop exceedingly
slowly inasmuch as lineaments in the relief have
escaped the attention of many field and airphoto
observers for a long time.
f) The mechanism producing the lineament pattern must
persist over extensive and widespread belts of the
earth's outer shell, that is to say, the engendering
mechanism must in fact be world-wide.
g) Geologic materials considered, the forces and processes
involved must be locally intensified for the patterns
formed are relatively much more prominent in some
geological and climatic environments than in others •

•

Theories on the origin and actuating mechanism of the
regmatic pattern date to the early decades of the 19th century.
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A review of the early theories can be found in Umbgrove (1947),
Boutakoff (1952), Brock (1957),and Hills (1963, p. 458-462).

A

brief account of some important modern theories is summarized below.
Vening Meinesz (1947) attempted to correlate the origin of
the planetary systems of lineaments (regmatic shear pattern) to

.

a large displacement of the poles in the early infancy of the
earth's history.
Assuming that the earth's crust everywhere is of equal
thickness and behaves as an elastic plate over a plastic substratum, he investigated the stresses resulting from a change in
the position of tbe earth's rigid crust with regard to its
rotation axis.

He believes that the stresses resulting from

the flattening of the earth at the poles lead to the formation
of the shear planes in the crust.
The resulting curves of shear in the earth's crust as
obtained by Vening Meinesz's equations are shown in Figure 32.
The shear net corresponds to a displacement of the pole from
near Calcutta over 70° along the meridian of 90° east longitude
(E.L.) in early Precambrian time.

The direction and amount of

polar displacement were chosen based on a previous study by
Vening Meinesz, of the lineaments of the Azores and the oceanic
floor in their vicinity so that the theoretically-derived shear
net would coincide with the observed lineaments.

He compared

this shear network with known global topographic and structural
lineaments and found a remarkable correlation between them.

He

pointed out, however, that many major trends conform with the
bisectrices of his shear pattern rather than with the calculated
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Fi g ure
32 • Shearing net based on the assumption of a displacement
of the North Pole from near Calcutta over 70° along the meridian of
90° E.L. (After Vening Meinesz,1947)

Figure
33. Wrench-fault system of ~-body and Hill (1956), revised
by Bad~ly (1965) to show all second-and third-order shear fractures.
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shear directions.
Vening l1einesz's theory was argued by Sender (1947), Urnbgrove,
and others who questioned the reality and magnitude of displacement
of the Earth's rotation axis.
Boutakoff (1952) favored stresses resulting from variations
in the rotational speed of the earth as a possible cause of his
great circle-arranged shear planes.
Moody and Hill (1956) believe that
••• for any given tectonic area, at least eight
directions of wrench faulting and four directions of
anticlinal folding and/orthrusting should accomodate the
structural elements of that region; these directions
should have a more or less symmetrical disposition
relative to the direction of the primary compressive
stress [Fig. 33].
These authors describe this pattern as wrench-fault tectonic
system.

They found that such systems do exist and are aligned

systematically. over large portions of the earth's crust and
constitute major features of the regmatic shear pattern.

They

conclude that
••• the pattern may have resulted from stresses which
are oriented essentially meridionally and have been
acting in nearly the same direction throughout much of
the crustal history.
Moody and Hill believe that several types of stresses
have been responsible for the genesis of the regmatic pattern,
namely:
1) Subcrustal convection currents causing considerable
drag on the base of the crust and oriented symmetrical in some
fashion with the axis of rotation of the earth so that subcrustal
convection currents could result in forces acting in essentially
meridional direc~ion.
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2) Compressional stresses in the earth's crust attributable
to the diurnal rotation of the earth.
3) Secular compression resulting in consequence of cooling
and contraction.
They note that "possibly each of these three types of forces
has had and does have large north-south components; other forces
of a similar nature may be involved".
Blanchet (in Colwell, 1960, p. 260-261) believes that
••• the earth's crust is subject to several major
stresses resulting from its spin, the precession of its
axis, and the gravitational effects of the moon, sun, and
planets.
It is being stressed by the changes in
acceleration. from negative to positive and vice versa,
of every particle in the crust, which result from the
earth's rotation about the sun and about the center of
gravity of the earth-moon system. Another source of
stress is continuous and/or periodic redistribution of
mass in the lithosphere and on its surface. The agents
of this redistribution are: erosion, transportation,
and deposition of large masses of rock; epeirogenic
movements which create and remove epicontinental seas;
the formation, filling in, and destruction by upheaval
of geosynclines; the formation and intrusion or extrusion
of magmatic bodies; the formation and depletion of polar
ice caps, continental ice sheets, and alpine glaciers.
These stresses, acting continuously or rhythmically
over a long period of time, separately or as stress
systems, are severe enough to have caused, or to be
causing, appreciable strains in the earth's crust.
Of these many stress systems, Blanchet recognizes four which
are of primary importance:
1) North-south nonrotational stress due to departures of
the earth's course from a circle about the sun and the variation
in the shape of the earth.
2) East-west rotational stress caused by a tendency in
certain annular segments of the crust to migrate east faster than
adjacent segments.
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3) Tidal stresses affectin~ the "solid" crust of the earth.
althou~h

These

nature.

of low magnitude are of

si~nificant

repetitive

According to him •

•••• Tidal stress is applied very nearly in a true
periodic manner, twiQe a day at any point, about 730
times a year and 730,000,000 times per million years,
A small but long-sustained stress is capable of creating
tremendous strains and disruptions.
4)

crust.

Probable difference in the elasticity of the earth's
The difference in the north-south elasticity is probably

twenty to thirty percent less than that in the east-west direction.
This may have a strong orienting effect on the fracture system.
Hollard (1957.b) states that
Broadly speaking, two mechanisms are tentatively
advanced in an effort to explain the fracture patterns:
1. An oscillatory or rhythmic mechanism induced
by short-duration to intermediate-duration stresses and
disturbances to which the earth's crust behaves like
an elastic material with definite strength limit •
. 2. A non-oscillatory deep-seated tectonic mechanism
induced by long-duration stresses and disturbances to
which the earth's crust behaves like a plastic material
with a yield point.
Mollard recognizes two possibilities of oscillatory mechanisms.
One is that the primary motivating force itself is oscillating,
e.g., earth tides.

The second is that the earth's crust is

responding in an oscillatory manner to forces which themselves may
not be oscillatory.
According to Hollard, and contrary to Blanchet's (1957)
opinion, the magnitude of tidal forces is much too small to
fracture thick layers of competent crustal rocks.
that

But he asserts
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••• once these rocks are fractured- for example, by
deep-seated tectonic forces - vibratory stresses caused
by Earth tides might possibly be great enough to continuously
propogate fracture patterns from the basement upwards
through successive sedimentary strata over the course of
geologic time.
The second possibility is that vibrations may oeeur in
harmony with modes of oscillation at anomalies in an otherwise
homogeneous material.

Fractures may be generated in accordance

to boundary conditions of inhomogeneities by oscillating forces.
This mechanism is first observed in the fracture patterns
developed on decaying ice floating in the Arctic Ocean.

Mollard

suggests -that possibly one mode of oscillation has imprinted
its characteristic pattern in early Precambrian time.

And

there is a tendency to re-establish this mode of oscillation by
time, so fractures propagate themselves upward through successively
deposited layers.
According to Mollard
•••• What is required, then, is that one mode of
oscillation, perhaps set up a resonant phenomenon,
[and] be maintained for a sufficient length of time for
its characteristic pattern to become well imprinted,
so to speak, in the oscillating medium. Perhaps in
such a way fractures in hard, brittle rock tend to
propogate themselves.
He adds that
The perturbing force that re-establishes the former
fracture pattern may be a periodic one, such as Earth
tides. Or it may be a transient one such as earthquake
shocks resulting from recurrent tectonic adjustments
along ancient faults. Or the pattern may be re-established
by earthquake shocks or aftershocks, occasioned by
restoration of isostatic balance post glacially as
crustal rocks rebound elastically to a position of
minimum strain.
Discussing non-oscillatory mechanisms Mallard emphasizes
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that "a satisfactory explanation of the lineaments does not per
~require

the assumption of an oscillatory mechanism".

He

recognizes two possibilities of non-oscillatory mechanisms.
One is the existence of regional very deep-seated tangential
compression which
••• would probably cause a rather complex system of
faults and other fractures in the upper basement rocks,
and, in consequence produce a multiplicity of associated
faults and joints in the overlying regionally flat-lying
sedimentary rocks that are essentially undeformed by
major orogenetic disturbances ••••
The second possibility is the isostatic recovery following
deglaciation.

In this regard, Mollard notes that

Just how uplift of crustal blocks might lead to
the formation of surface micro-relief features is
still largely a matter of speculation. But it is
conceivable that slight adjustments of the basement,
which have been more or less concentrated at the ''hinge
lines• ••• have resulted in jointing, faulting, tilting,
and perhaps even minor folding of the overlying sedimentary strata. In addition, it might rightly be
assumed that appreciable horizontal compression and
movement accompanied vertical uplift as a result of
plastic yield and flow of subcrustal material back
toward the center of uplift •••
In conclusion, Mollard states that
It cannot be demonstrated yet that the patterned
lineament features identifiable on mosaics are all a
product of the same mechanism. Perhaps all previously
discussed mechanisms apply to some extent. Indeed
there are more likely others that have not been mentioned.
More research remains to be done •••
The present writer agrees with and adopts the general conclusions
of Haman (1961):
Generally we may say that a major fracture pattern •••
may be caused by either internal (tectonic) or external
oscillatory (earth tides, etc.) forces. If the global
fracture pattern was created by internal forces one
should expect different orientation of the systematic
arrangement of fractures in areas with even similar
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tectonic history but different position. If the fracture
pattern was created by external forces then the orientation
of the systematic arrangement of the fractures should have
a world-wide similarity, a possible change of orientation
be related to the latitude. This rule must be particularly
valid for areas of similar tectonic history.
It may be possible that, regionally seen, we are
dealing with two genetically unrelated fracture systems.
Stable continental areas may show predominance of fractures
created by external forces. Areas subject to strong
tectonic forces may develop their own fracture (shear-)
·systems in accordance to the internal forces. Fracture
systems created by internal forces may be superimposed
on, and partly depend upon, the fracture system of the
external forces and vice versa.
The writer [Haman] tends to favour the alternative that
a basic fracture system may originate from external
oscillatory f9rces, imprinted upon consolidated material
shortly after consolidation of the earth's crust. The
fractures would be formed under fatigue and under minimal
confining stress. This fracture system may have been
propagated upwards through all successively deposited
layers.
Relatively weak but long during internal forces,
either tangential or radial to the Earth's crust, and
isostatic adjustments may cause movements of crustal
blocks separated by major fractures. The relative movement
may be restricted to the already present major fractures
as zones of weakness. This theory would necessarily
imply that movement takes place at fractures which may
not have the appropriate bearing to the direction of
the forces. The forces may create fractures in accordance
to the stress orientation only if no suitable fractures
are present.
If a (more or less meridionally oriented) primary
principal stress creates only twelve active tectonic
directions [Moody and Hill, 1956}'cwe may possibly recognize
rotation of this system within a particular area in
different formations. "Active tectonic directions"
describe ~he tendency for vertical or tangential displacement.
Other direction may be considered to be active in so far
as they are propagating or creating fractures, i.e.,
joints, without noticeable displacement. A working
hypothesis for future research is the determination of
rotation (laterally as well as vertically) of active
tectonic directions.
It is believed that 1 provided a systematic fracture
system was present since consolidation of the crust, a
--------~--------------~--~-~----------------~--~----------~----

*See Figure 33, P• 177.
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rotation of the principal stress direction does not
necessarily create any new tectonic directions but
generally uses the already present fracture system for
any displacement.

J.R5

Chapter VIII
IMPROVEHENTS IN AND APPLICATIONS OF THE TECHNIQUE
OF LINEAMENTS AND LINEARS ANALYSIS
General Statement
Improvements in the field of aerial photography such as
infrared photography, color photography, photography from orbital
altitudes, and in photographic laboratory techniques open new
realms for the technique of lineations analysis.
Automatic data processing will reduce the cost and time of
annotating, processing, and mapping of lineation data and will
eventually lead to the popularization and better appreciation of
this important technique.
Applications of lineation analyses vary widely.

Important

applications are in the fields of mineral, oil, and geothermal
energy explorations, ground water studies, geological engineering
as well as what today might be considered purely academic research.

Improvements in the Technique
Photography for Geologic Purposes
In most cases geologists use aerial photographs
prepared for purposes other than geology (e.g. for forestry,
conservation, military, topographic mapping, ••• etc.}.

The season

in which such photography was taken and the film-filter combinations
used might not be the best for geological studies.

On the other

hand, photography for geological purposes is usually prohibitively
expensive.

However, if available, such photography is recommended

to be taken during the autumn months after the winter snows melt
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and before tree leaves are out in the spring. And in regard to
the film-filter combinations to be used, Ray and Fischer (1960)
report that
••• recent studies indicate that certain measurements
made prior to taking photographs - such as spectral
reflectance determinations of rocks - may be particularly
significant in selecting films and filters for emphasizing
geologic features so that they can be measured on the
subsequently obtained photography.

Photographic Laboratory Techniques
Certain laboratory procedures for processing

ae~ial

photographs and their contact prints are not favored from the
geological point of view as, for example, the dodging technique.
This technique has been thoroughly discussed by Lattman and Ray
(1965, p. 30) who state that

Much bf today' s aerial . photography is pi•inted on a
device that automatically compensates for extremely dense
or thin parts of a negative. These prints are said to ·be
"electronically dodged", or"automatically dodged'! "Dodging"
is merely a procedure in which some parts of the negative ·
are exposed ~ light for a greater length of time, or are
exposed to a greater intensity of light, than others
during the printing process. Resulting prints are characterized by an over-all reduction in tonal contrasts. That ist
light gray tones are shown darker, and dark tones shown
lighter than they would appear in normal contact printing.
This may result in a "flat" appearance of the photograph.
The advantages of electronic dodging is that the small
segment of the gray tone scale in very dark or very light
areas is "spread out" and terrain detail that otherwise
might be lost in these areas can be observed. The overriding effect of automatic dodging, though, is a balancing
out of tonal differences, and while this seems especially
desirable to the topographic map maker who is principally
interested in determining the vertical positions of the
ground surface over a large area, it is generally a
disadvantage to the geologist •••• Subtle tonal contrasts,
possibly quite significant to the geologist,. may be
destroyed if electronic dodging devices are used in
printing.
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From another point of view the quantitative (densitometric)
measurements of photographic tone either in terms of optical
density of film materials or in terms of light reflectance from
paper prints is emphasized and recommended by Ray and Fischer
(1960).

They note that

••• frequency of tone changes, as well as the magnitude
of the tone measurements, could be significant in describing
terrain features and in permitting comparisons of different
terrain features.

Color Photography
Ray and Fischer (op. cit.) carefully evaluated the
importance of color photography and conclude that
A potential value of color aerial photographs in
geologic research lies in the use of color transparencies
as an intermediate product in provin~ing black-and-white
photographs from which data may be collected readily.
Color aerial photographs are little used because adequate
viewing and plotting systems in which they can be accomodated
do not exist. However, color photographs can be used to
provide black-and-white photographs that can be accommodated
in existing instruments. An expensive alternative is to
devise instruments primarily for color aerial photography.
As an intermediate product in obtaining geologic data
the color aerial photograph can be scanned with a colorimeter to provide information that would permit selection
of film-filter combinations which in turn would emphasize
specific terrain features. That is, the color photograph
would be re-photographed through selected filters and on
selected film in order to emphasize certain features •
• • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • •• • • • • •• • • • • • • • • •• • •

If the requirement for differentiating several terrain
features exists, then multiple black-and-white photographs
of a color transparency could be obtained using different
fi1m-filter combination. Photographing an area with
different photographic systems thus is reduced to a
laboratory procedure, once the initial color photography
has been accomplished.
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The common products of black-and-white photographs
would be obtained by using color photographs as an
intermediate step in making paper prints, Kelsh diapositives
and other plates, and in addition a powerful photo interpretation research tool would be gained. It may be
suggested that color photography should be taken instead
of much of the current black-and-white photography.
Altitude restrictions in successful color aerial photography would preclude obtaining high-altitude color
photographs under existing technology, but much of the
current black-and-white photography taken at flying
heights of 20,000 feet or less could probably be
successfully replaced by color photography. Recently
developed short-focal-length-lenses (3.5 inches)
corrected for color would provide photographs of
relatively small scale, which is generally desired
for many compilations by the photogrammetric engineer
and for certain compilations by the geologist.
However, more recently Hall (1966) reports substantial
progress in developing the technique of producing color aerial
space oblique photographs in 35 mm format and the testing of
available equipment.

This photography is based on full-format

convergent stereo rather than the 60 percent overlap parallel
stereo.

And regarding the altitude limitation of color aerial

photography, mentioned above by Ray and Fischer• Lowman (1966a)
reports that high color photographs were successfully obtained
during the recent Gemini flights.

Infrared Photography
Applications of longwave infrared reconnaissance
photography to geological studies represent a very recently
recognized new field.

The infrared detection of linear features

will aid in increasing the number of criteria used in their
recognition and identification.

Cantrell (1964) sunmarizes the

characteristics and limitations of infrared photography as
applied to geology as follows:

1.

2.
3.

4.

s.
6.

1.

a.

Interpretation of infrared imagery is extremely
complex and an interpreter must be aware of and
understand the inherent characteristics influencing
this imagery.
Moisture in terrain materials will alter the radiometric
temperatures considerably, making infrared an excellent
tool for tracing drainaa• patterns.
"Geothermal" features (e.g., thermal springs, active
volcanoes) make excellent targets for infrared systems.
Underground anomalies are detectable through their
surface manifestations (e.g., near-surface salt domes).
Surface materials can be - distinguished because of
differences in radiometric temperatures (e.g. sandstone
versus limestone), thus allowing tracing of structural
patterns.
The most desirable time of day for scheduling general
infrared mapping missions appear to be immediately
after sundown. This is the period of highest relative
terrain emission. However, daytime imagery records
shadowing much like conventional photography and tends
to enhance terrain features.
Detectors sensitive to the 7-14 micron range are
preferred as this range covers the peak emissions of
ambient surface materials.
Long wavelength infrared imagery should be considered
as a prime supplement to conventional photography.

Stereo-Mosaics
On every scale available, mosaics are an important
supplement to individual aerial photographs in lineaments and
linears analyses.

They show the broader features and relations

which cannot be seen or identified otherwise.

However, these

mosaics, unfortunately, cannot be viewed stereoscopieally
as yet.

Heath (1950) tried to overcome this drawback by producing

stereo-mosaics using two panels and a large mirror stereoscope.
Teller (1950) was also experimenting independently with stereomosaics using the anaglyph principal.
In 1957, Heath proposed some improvements of his technique
so that
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••• the mosaic may be printed on a single sheet, with
its stereo-mate printed beside it, or on the back of the
sheet. By folding the sheet the two images may be brought
to within interpupillary distance and viewed with a pocket
stereoscope. One member of the mosaic has, as an overprint,
the standard u.s.G.s. topographic sheet so that it combines
the advantages of the mosaics and the topographic map.
He hopes that "this development permits field use and opens the
doDr to possible substitution of stereo-mosaics for standard
topographic maps".

And from the airphoto linear analysis point

of view will add a very valuable supplement.

Space Photography
Photography from orbital distances will add greatly
needed details about broad features of the earth's structure
whose existence has been only conjectural.

Lowman (1965) reviewed

the characteristics and applications of space photography.
Morrison and Chown (1965) analyzed the photographs of the
Western Sahara taken by the Mercury MA-4 Satellite launched by
the

u.s.

in September, 1961.

The latter authors conclude that

The advantages of space photography for research
and mapping arise mainly because areas hundreds of
kilometers across can be shown in a single frame.
Photographic tones or colors are comparable across
the whole of this area. Even if the area is crossed
by political boundary, there will be no change in the
type of coverage. With a suitable pair of vertical
space photographs, it would be possible to obtain a
continuous stereomodel over an area of this size, in
which height differences of hundreds of meters are
distinguishable.
The MA-4 photographs can assist mapping of the
larger geological, landform, and vegetation patterns
of the Sahara. Structures, especially lineaments,
are particularly well shown. Photos of this kind could
aid mapping of other types of distribution not present
in the Sahara, such as generalized land use.
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In photography of the earth from space, ordinary
color film is likely to yield less information than
black-and-white, infrared, or infrared false-color
film.
Much better results could be obtained by a satellite
system specifically designed for photographing terrestrial
distributions.
Contrary to Morrison and Chown's skeptical conclusions about
color space photography, Lowman (1966a and 1966b) reports that
high quality color photographs for geologic, geographic, and
oceanic use were successfully Obtained during the Gemini flights
as part of the Synoptic Terrain Photography Experiment (S-5).
In their discussion of the feasibility of geologic exploration
from orbital altitudes, Badgely

~~·

(1965) demonstrated the

applicability of several remote sensors including
••• devices that are sensitive to force fields, such
as gravity gradient systems, and devices that record the
reflection or emission of electromagnetic energy. Both
passive electromagnetic sensors (those that rely on
natural sources of illumination, such as the Sun) and
active electromagnetic sensors (which use an artificial
source of illumination) are being considered.
These devices can sense different characteristics of the lithology
as well as structural linear features.

This new field is in

its infancy but promises to be a very valuable tool for geological
exploration, on a continental scale, in the near future.

Automatic Processing of Lineation Data
The manual annotation, data transfer, calculation, and
plotting of the lineation data are tedious and time consuming.
In the present study, for example, at least three or four times
the time spent in all stages of lineation identification were
consumed in this phase of analysis.

Much more time for data
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processing should be anticipated if distinction between the
different varieties of lineations (and studies of selected fields
of lineations in general) and a reliability scale (weight factor)
are introduced.
Automatic processing of lineation data will greatly reduce
the overall time spent in the lineation analyses.

Maffi and

Marchesini's semi-automatic device (ALSEC) for the processing of
lineation data and the "Blanchet Multi Image Optical Amplifier"
represent a modest beginning along this line.

Further work is

needed for development of new and improvement of old processing
instruments and the computer programming of the lineation data.

Applications of the Technique
Applications of General Nature
Lineation analyses provide directly or indirectly basic
structural information of terrains of almost any size.

Aerial

photographs are the most important medium for the acquisition
of lineation data on several scales.

The technique is especially

important where unconsolidated surficial materials and vegetation
mask bedrock exposures, where small-scale (regional, supra-regional
••• etc.) structural relations are being sought and where areas
planned for study are so large and/or relatively inaccessible that
field expenses become prohibitive.

Applications in Mineral Exploration
In this field the technique of lineation analysis provides
important data pertinent to the search for new mineral districts and

193

the characteristics of mineral deposits within already known mineral
districts.

In other words, its applications range

from continental-

scale explorations to very detailed local investigations.
Leuder (1953) studied the applications of airphoto interpretations
in mineral reconnaissance and development.

And Thornbury (1954,

P• 566-571) discussed the use of geomorphic linear features as
exploratory tool in economic geology.
The structural control of ore deposits is emphasized by most
mining geologists including Billingsley and Locke (1941), McKinstry
(1948, Chapters 8 and 12 through 15), and Badgley (1959, 1960, and
1962).

Mayo (1958) in his lineament analysis of southwestern

United States, cited several scores of mining districts which
are located at intersections of major lineaments.

On a larger

(detailed) scale Joralemon (1951) demonstrates, in his study of
the Getchell mine, that the apparent structural control of an ore
deposit may change with the "scale" of geologic maps used.
The use of lineation analysis in the southeast Missouri
Minerogenic Province will be summarized in the next chapter.
From another point of view, lineation analysis coupled with
geochemical prospecting* for ore deposits can lead to better
evaluations of the geochemical anomalies.

Primary halos are

commonly guided by fracturing (and lineations in general) in the
enclosing country rocks.

Secondary halos are commonly guided by

primary and/or secondary lineations.

Similarities or dissimilarities

between fracture (and lineation) patterns of ore-bearing intrusives
and country rocks should be delineated for maximum utilization of
the geochemical information.
-------~----------~--~~-~------~-----~---------~----------~------

*For more details about this technique see Hawkes and Webb (1962).
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Similarly, lineation analysis can be an important supplement
to geophysics as applied to mineral explorations* especially in
the interpretations of linear geophysical anomalies.

Applications in Oil Exploration
The technique of lineation analysis provides invaluable
information about concealed and/or deep-seated structures.

Marchesinj

and his associates (Geomap Group, Florence, Italy; personal
communication, 1965) thoroughly investigated the lineation patterns
of many of the north African oil fields and found important oil
exploration guides.

They usually interpret the lineation patterns

in the light of available geophysical data such as gravity, magnetic,
seismic, and sometimes even radiometric.

Applications in Geothermal Energy Exploration
The exploitation of natural steam as a source of energy,
is, as yet, at its beginning.

However, this promises to be of

increasing importance in the near future.
Marchesini

~~·

(1962), in their study of the natural steam

field of Larderello, central Italy, observe that
••• structure plays an important role, even if quite
different from the role played by structure in oil and
gas fields. In the case of steam, the restriction imposed
by the necessity of closure does not exist, and it is
replaced by conditions favoring the access and circulation
at depth. Obviously, large positive structures may
contribute to the raising of the isotherms toward the
surface. Furthermore, positive structure has a definite
economic value in reducing drilling depth and costs •••
And in conclusion these workers add
---~------~------~~------------~-~------------------------------

*For more information see Jakosky (1950, Chapter II).
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The photo interpretation of fracture patterns appears
a significant addition to the knowledge of the geologic
conditions of the area including the steam-fields. The
information sought with this technique has a direct
bearing on conditions essential or important for steam
productivity, such as the shape and location of the buried
body source of heat, and the trend and location of
fractured belts affecting reservoir permeability. As
to the first, the photo interpretation has shown a peculiar
subelliptical pattern, of curved concentric fractures,
closely coincident with local Bouguer gravity contours,
and with contours picturing the Pliocene uplift. This
pattern appears strongly suggestive of the shape and
location of the buried heat source. As to the role of
fractures, the statistical processing of the photo
interpretation data suggests a prominent influence of
certain fracture sets on productivity. The hypothesis
that shear and tensional joint-belts may have a major
role is tentatively proposed for further detailed study.
The efficiency of photo interpretation and fracture
analysis as a tool for search and exploitation of geothermic energy could hardly be estimated on the basis of
this single example, even though it refers to the best
known steam-field in the world. However, it is the
impression of the writers that continued investigation,
and rapidly improving techniques, will lead to the
development of a valuable tool for the exploitation of
producing areas and for the exploration of new ones.

Applications in Ground Water Studies
The relationship between the linear features and ground
water is of major interest.

Opened fracture zones (as reflected,

for example, by conspicuous airphoto linears and lineaments) are
found to yield more water and at faster delivery rates than adjacent
areas (Lueder

~!!·•

1962).

On the contrary, closed or tight

fractures, mineralized fractures, or faults (especially where
faulted normal to the flow gradients) are able to erect barriers to
ground water flow in aquifers.
Not only the effect of fractures and fracture systems (and
airphoto linears and lineaments in a broad sense) on the flow rate
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of ground water reservoirs is important, but also their critical
effect

on the ground water circulation and its direct bearing

to problems related to radioactive waste disposal and pollution
of natural ground water reservoirs.

Furthermore, Lattman and

Parizek (1964) add that
Aside from serving as effective conduits for transmitted
water to drilled wells, zones of fracture concentrations as
revealed by fracture traces [airphoto linears of the present
writer] localized springs ••• fix the location and influence
the headwater erosion of valleys, facilitate the development
of karst features such as sink holes, solution zones, dry
valleys and undoubtedly influence greatly the transmissive
character of carbonate and other rocks.
The frequency and interlaced character of fracture
traces [airphoto linears] ••• suggests that dolomite and
limestone aquifers should behave homogeneously in transmitting water regionally. Aquifer blocks bounded by
fracture zones transmit water probably to a lesser
degree along numerous joints, fractures, bedding planes,
and primary openings, which probably are responsible for
most of the aquifer's storage characteristics.
Zones of fracture concentrations facilitate deep
weathering and solution, formation of undrained depressions
that aid recharge, and provide vertical and horizontal
zones of increased permeability.
In another part of their report Lattman and Parizek (op. cit.)
further provide more detailed (larger scale) applications for
"their" fracture traces (airphoto linears) in problems related
to groundwater
Fracture traces [airphoto linears] can be used to
locate water wells of maximum capacity in areas where
previously only a range of probable well yields could
be given. They delineate areas of increased permeability,
weathering and solution, which should be of interest to
engineering geologists in quarrying, in tunnelling,
dam construction and similar works, as well as to civil
and .: sanitary engineers, foundation engineers, groundwater
geologists and those responsible for the purity of our
ground waters. They may serve to locate artificial
recharge sites for rapid infilteration of surface waters.
Home owners may be spared undue expense from excessive
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casing leng·ths required to maintain an open hole by
locating water wells adjacent to fracture traces and
not on them when only a few gallons of water per minute
are required. On the other hand, sites for high capacity
wells can be located with minimum risk of unnecessary
capital expenditures.
Fracture traces [airphoto linears] may be used to
locate wells where lithified bedrock aquifers are overlain by unconsolidated deposits of various types. They
are, indeed, a significant propsecting device.

Applications in Geological Engineering
The detrimental effects of mass-wasting processes
(landslide5, creep, mud flows, earth flows, debris avalanches,
subsidence ••• etc.) on man-made structures, are well known to
geological engineers (see Thornbury, .1954, p. 471-581).
These processes are commonly controlled by gravity and structure.
Quantitatively determined and statistically processed lineation
, patterns prov id.e an important practical structural guide in
the selection of sites for dams, reservoirs, tunnels, highways,
railroads, airfields, urban development ••• etc.

Geological and

civil engineers should familiar·ize thenselves with this technique
which can provide important basic information fast and at
relatively low cost.

Applications Related to Space and Planetary Studies
Beginning in 1969 the

u.s.

Department of Interior

will send a new group of satellites into orbit under a program,
headed

by

the director of the

u.s.

Geological Survey, called

EROS (Earth Resources Observation Satellites) to collect information
on global basis, regarding the distribution of needed. mine~als,
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water supplies, extent of water pollution, agricultural crops
and forests, and human habitations (Mining Engineering, 1966).
These satellites will enable:

1) seeing more easily the earth

beneath water, forest, and soil covers, 2) viewing areas of the
earth repetitively at various times and seasons, and 3)
providing full global coverage of the type required for
successful resources applications which existing satellites are
incapable of doing (mainly because of restrictions of coverage
by orbital parameters and fuel requirements for spacecraft
orientation).
Early satellites of this program will be fitted with
television cameras that will cover the entire surface of the
earth repeatedly and under nearly identical conditions of
illumination and eventually the later satellites of the program
will be

equ~pped

with heat measuring instruments, radars, and

cameras with enough resolution to be used for topographic maps.
The direct bearing of such a project on the global analysis
of lineation patterns is implicit and will be of the utmost
importance in the geotectonical analysis of the Planet Earth.
The lineation pattern of the near-surface of the Moon has
been studied by Fielder (1963 and 1966) and others.
series of

u.s.

The current

"Lunar Orbiter" satellites is providing, at

present, aerial photographs like those anticipated from the
EROS satellites in 1969 and later.

Detailed lineation analysis

of the "Lunar Orbiter" photographs will not only help deciphering
the origin of the Moon but also the Moon-Earth System.
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Farther in space and away from the Moon-Earth system
scientists are now considering the possible tectonics of t1ars,
Fielder (1966, op, cit,), for example, believes that the martian
"canals" are of similar origin to the lunar and terrestrial
lineaments and argues that "the recent 'Mariner IV' pictures
further support this hypothesis, since the pictures are scored by
ridge and depression lineaments with trends that correlate with
the directions of the mapped canals".
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Chapter IX
SUMMARY AND CONCLUSIONS
The work done and conclusions arrived at in this dissertation
will be discussed in the general order outlined in the procedural
sub-objectives set for this study (pagesa-lro. followed by a
discussion of the characteristics and origin of the Mississippi
Valley type lead deposits in southeast Missouri and the use of
lineation analysis in mineral exploration within the Minerogenic
Province.

Definitions and Characteristics of Linear Features
Lineation is defined as a descriptive and nongenetic term of
any natural linear feature within or on a rock, exposed or covered
by

s~rficial

material, and of any length.

It includes linears

(less than ten miles long), lineaments (ten to less than 100 miles
long) and mega-lineaments

(100 miles or more long).

In detailed

large scale studies linears may be divided into micro-linears
(less than two miles long) and macro-linears (two to less than
ten miles long).
The term "lineaments and linears (lineations) analysis" is
applied to studies involving lineations (both lineaments and linears)
of uncertain origins.

And the term "fracture analysis" is applied

to those involving natural linear features of which at least
70 percent are known to be of structural origin.
The writer proposes a classification of lineations, modified
after that of Cloos (1946), in which two major categories are
recognized:

primary lineations (formed contemporaneously with
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the enclosing rocks) and secondary lineations (formed after the
consolidation and lithification of enclosing rocks).
lineations include:

Primary

flowage in igneous rocks, growth of minerals,

and depositional and diagenetic structures (bedding, cross-bedding,
graded-bedding, slump and turbidity structures, unconformities,
and also elongation and alignment of pebbles in conglomerate,
fossils, ooids, amygdules, ••• etc.).

Secondary lineations include

those related to rotation (folding, flexing, drag folding), growth
of minerals (post-lithification and/or post-deformation), intersection of s-planes (involving primary and secondary or only
secondary

s-plane~

and including intersections of planar structures

with the earth's surface), slippage on s-planes, geomorphic features
(including topography, physiography, and drainage), erosion
(including wind and glacial striations ••• etc.), and biological
activities (vegetation alignments, game trails, and man-imposed
lineations).

In using aerial photographs secondary lineations

include, beside those above mentioned, lineations related to
atmospheric factors (like cloud patterns, haze, shadows ••• etc.).
The present study emphasized the importance and use of
drainage and airphoto lineations.

Drainage patterns are commonly

dependent on lithology and/or structure (i.e. primary and/or
secondary lineations).

In plains, coastal areas, and where thick

unconsolidated surficial materials cover the bedrock the influence
of these variables may be obscured. . Airphoto lineations depend
on several variables, viz., structure, lithology, topography,
drainage, erosion, vegetation and other biological activities,
climatic factors, tone, scale of photography, and the use of
supplementary information.
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Several studies have shown that there is a significant correlation
between airphoto lineations and structures such as field-mapped
joints and fracture patterns.

Better correlation was found where

the scale of the aerial photographs is similar to that of the field
mapping and where there is a minimal cover :.of bedrock by surficial
unconsolidated materials.

Use of Drainage in Lineation Analysis
A rectangular area of about 1880 square miles in southeast
Missouri, equivalent to eight 15' topographic quadrangles (scale
1:62,500) was analyzed for lineations based on simplified drainage
patterns.

In the analysis, the drainage network of each quadrangle

was traced on an overlay and tributaries less than one mile long
were neglected.

On a second overlay straight lines (linears)

were plotted over straight sections of the drainage channelways
(Fig. 11 and 12, pages 1ogand llC).

Linears were then annotated,

processed, and plotted in azimuth-frequency (A-F) diagrams (Fig. 14,
p. 112).

The number of linears in percent of each 10° interval

(class) of azimuth was plotted in the upper halves of these A-F
diagrams and the respective length of linears in percent of each
class of azimuth was plotted in the lower halves.

The patterns

obtained for all the quadrangles showed a degree of preferred
orientation.

Between four and six sets of linears were commonly

recognizable.
The airphoto linears of each of the eight 15' quadrangles
(based on analysis of airphoto indexes scaled 1 inch:l mile)
were studied, recorded, and plotted in form of A-F diagrams (Fig. 13,
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p. lll) similar to those in Figure 14.
Comparison between the patterns of airphoto linears and
drainage linears indicates that fewer but a more well-defined
number of airphoto linears sets are recognized.

Commonly, a set

of northeasterly-trending and a set of northwesterly-trending
airphoto linears are distinctively apparent in the airphoto A-F
diagrams studied.

The trends of airphoto linears sets have

counterparts in the drainage linears sets although sometimes of
different magnitude.

On the whole there is less statistical

scattering in the airphoto linears patterns than in those based
on drainage.
The writer believes that better correlation between the
pattern of airphoto linears and drainage linears in southeast
Missouri can be achieved if only streams and stream tributaries more
than two miles long (rather than one mile as used in the present
study) are used.

The smaller tributaries are believed to be

influenced by topography and local structures.
To check whether the patterns of drainage linears are
influenced by change of scale of the topographic maps used for
this kind of analysis, the writer studied the four 7 1/2' topographic
quadrangle maps (scale 1:24,000) equivalent to the Potosi 15'
quadrangle.

Minimum length for the drainage tributaries used

was .38 miles (equivalent to one inch on the map).

The pattern

of each 7 1/2' quadrangle was compared by that from the corresponding
quarter of the 15' quadrangle and the totals were also compared
(Fig. 15, P• 118).

This study indicated that in most cases the

same sets of linears were conspicuous although, quantitatively
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speaking, they might not have the same magnitude,

Use of Airphoto Indexes in the Densely-Forested Southeast Missouri
The principal parameters for the identification of airphoto
lineations used in this study were soil tone, vegetation, drainage,
and topography,

These four parameters were used singularly

to identify linears although frequently more than one parameter
were considered in the identification of a single linear feature.
The Agricultural Stabilization and Conservation Service
uncontrolled airphoto indexes compiled to a scale of approximately
1 inch:! mile from· aerial photographs (1964) of 1:20,000 scale, were
used in the airphoto lineation analysis of the total area covering
the Minerogenic Province (approximately 7000 square miles),
of 38 (20" x 24") index sheets was analyzed,

A total

A single Army Map

Service high altitude airphoto index sheet (scale approximately
1:350 1 000 based on aerial photographs of 1:70 1 000 scale) covering
an area of approximately 5000 square miles in and adjacent to the
southwestern part of the Minerogenic Province was also studied to
check the consistency of or variation in the lineation pattern
when changing the scale of the airphoto indexes used.

The

procedure followed in the analysis of airphoto lineations in this
study is given on pages 12-14.
The patterns of airphoto linears recognized on the ASCS
airphoto indexes were plotted in a series of 10 county-size base
maps.

These patterns are shown in Figures 16 through 25.

A-F

diagrams corresponding to these patterns were plotted, for the total
area as a whole, on two different scales based on two differently-sized
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unit areas (Fig. 26, p. 140 and Plate III).

In one case the unit

areas were 225 square miles each (i.e. 15 mile x 15 mile); in
the other, 56.25 square miles each (7 1/2 mile x 7 1/2 mile).

The

density distribution of these airphoto linears is plotted as
iso-lineation contours (isopleths) on two base maps for the two
differently-sized unit areas mentioned above (Figures 28 and 29,
pages 155 and 160).

The pattern of airphoto lineations identified

on the AMS high altitude airphoto index sheet is presented
graphically in form of an A-F diagram in Figure 27a (page 153).
Because not all linear features are equally well distinguished
on aerial

photogr~phs

and because not all of them are equally

indicators of structure, a reliability scale (or weight factor)
is suggested for detailed analyses although not applied in the
present investigation.
The airphoto lineations obtained were not compared with the
geologic and structural maps of the area until the completion of
the analysis.

And at no time during the analysis and compilation

of the linears and lineaments were the existence or locations of
structures and/or any specific rock formation (or contact)
considered.

Literature describing the geology and structure in

and adjacent to the area studied was not consulted until after
the completion of the analysis.
After the completion of the analysis a remarkable correlation
was recognized between the airphoto lineation patterns and the
results of:

1) the structural field study of Graves (1936) in

the Precambrian rocks of the St. Francois area, 2) the airphoto
lineation and field work of Fisk (1944) in the Lower Mississippi
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Valley just to the south of the area included in the present
study, and 3) Hayes' study of the structural lineaments of
Missouri (based on the Precambrian configuration of the state,
geophysical maps, and field data).

The similarity of the patterns

produced by these four different studies indicate that the airphoto
lineation pattern of southeast Missouri is largely a reflection
of the structural pattern of the region.

Regional and Local Airphoto Lineations of Southeast Missouri and
their Relation to the Global (Regmatic) Pattern
The regionai pattern of airphoto lineations in southeast
Missouri is characterized by a prominent diagonal system and a
less significant axial system.

The diagonal system includes

northeasterly and northwesterly sets and the axial system northerly
(meridional) and easterly (equatorial) sets.
the azimuth-frequecny diagrams of

Figu~

As indicated in

26 and Plate III, the

diagonal sets are distinct in all of them although the relative
importance (statistical significance) of each set varies from
one diagram to the next.

Such variation is believed to be mainly

due to the effect of local structures, especially faults.

The

axial system is recognized only in some parts of the area and
frequently only one set of this system is present.

Generally

speaking, the northerly set is relatively more prominent and
frequent than the easterly set.
The local lineations in southeast Missouri differ in character,
magnitude, and degree of interference with the regional pattern.
They may have trends different from those of the regional pattern,
thus increasing the total number of linears sets in localized area,
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or they may have, at least in part, similar trends•

In this

latter case they augment quantitatively the number of linears in
one or more sets of the regional systems of lineations,
Significant causes and variablesaffecting these local
patterns are believed to be:

local structural disturbances

(e.g. Crooked Creek and Furnace Creek structures), primary and
diagenetic structures in the Paleozoic sediments (e.g. reef and
slump structures), buried knobs and ridges (known to develop
distinct local fracture patterns in overlying sediments as a
result of differential sediment compaction), and collapse
structures and sink holes.

Other variables which affect airphoto

soil tonal and vegetation growth lineations include the kind,
thickness, and porosity-permeability character of the residual
cover,and near-surface circulation of ground water,
The existence of repetitive linear and lineament trends that
together form a characteristic pattern in areas of sub-continental,
continental,and perhaps global magnitude is confirmed as a result
of world-wide studies including ocean basins and continents.
Sender (1947) called these major trends the "regmatic shear
pattern".

Four major trends, similar to those of the regional

pattern of southeast Missouri, are commonly recognized:
easterly, northwesterly, northerly, and easterly trends.

northThe

diagonal system appears to be the dominating one as is the case
in southeast Missouri.
The regmatic shear pattern has been recognized on at least
five continents as well as the Atlantic and Mediterranean basins.
In North America it was identified in southwestern United States,
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the Cordillera, Florida, the lower Mississippi Valley, and
several parts of the Canadian Shield.

In South America the pattern

has been described in parts of the Amazon basin.

In Africa the

pattern was recognized in the Nile basin and for the continent
as a whole.

In Europe the existence of the regmatic systems has

been known since the 19th century.

The pattern has also been

described in Australia and more recently on the near-surface of
the Moon.

Lineation Patterns Induced by Lithologic Variations in the Minerogenic
Province of

South~ast

Missouri

Indurated rocks exposed in the Minerogenic Province of
southeast Missouri are mainly Precambrian and Lower Paleozoic.
Precambrian extrusive felsite and intrusive granitic igneous
rocks crop out in the St. Francois Mountains.

These are

unconformably overlain by an essentially arenaceous formation
followed by a sequence of predominantly calcareous formations
ranging in age from Upper Cambrian to Lower

Ordov~cian.

The

sedimentary rocks encircle the Precambrian exposure in the
St. Francois Mountains and are progressively younger outward.

The

formations have a gentle dip for the most part of the area except
for the basal formations adjacent to Precambrian hills which
generally have higher-than-average dip values.
No distinctive variations in trends or concentration (density)
of lineation were found in the various lithologies of the
Precambrian complex of southeast Missouri.

Also no variations

in trends of lineations were observed between the Precambrian

lithologies on one hand and the surrounding younger sedimentary
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formations on the other.

However, the Precambrian rocks show

a higher concentration of lineations.
No difference in trends of lineations was found in the
different lithologic units of the stratigraphic section.

However,

it was noticed that there is,generally speaking, a gradual decrease
in density of lineations with decrease in age of the formations.
No significant differences in the lineation patterns (trends) of
the same lithologic unit in different geographic locations are
found.

Lineation Patterns ·Induced by Structural Variations in the
Minerogenic Province of Southeast Missouri
The Minerogenic province is within the Ozark Uplift (or Dome),
a part of the stable region of the North American continent.
The St. Francois Mountains are the apex of this structural high
and the sedimentary rocks have a gentle dip away from these
Mountains.

In detail, minor folds of northwesterly-trend and a

series of prominent northwesterly- and northeasterly-trending
faults cross the otherwise east-northeasterly elongated dome.
The major fault system of southeast Missouri is to the east and
north of the St. Francois Mountains.
No variations in trends of lineations were observed for
areas having different structural settings within the Ozark
Uplift.

However, the maximum density of lineation is found in

the St. Francois Mountains, and outward from this area the value
drops gradually in all directions.
The relation between lineation patterns and known faults in
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the area can be studied in the A-F diagrams of Fibure 26 and
Plate III as well as in the lineation density distribution maps
of Figures 28 and 29.

The A-F diagrams show that the major

fault trends coincide with major lineation trends although in
few cases the major lineation trends are almost perpendicular
to those of known faults.

The lineation density distribution

maps show that major faults and fault zones parallel the isolineation contours indicating that generally the fault zones
separate rock formations having different densities of lineations.
Correlation between the lineation patterns and local buried
Precambrian knobs and reefs as well as other primary and diagenetic
sedimentary structures cannot be deciphered solely on the basis
of this study.

Plate III shows several areas where there are

some local lineation interferences.

These, however, should be

analyzed in light of the various contributing possibilities
outlined on page207, and the present study should be supplemented
by field, geophysical, and lithofacies studies.

Correlation Between Lineation Patterns and Linear Geophysical
Anomalies
Inspection of the State magnetic and gravimetric maps shows
that there is a general agreement between the trends of
geophysical linear anomalies and the regional lineation pattern
of southeast Missouri.

However, no systematic quantitative

correlation was attempted in the present investigation.
The conclusions of four significant works along this line are
cited.

Scharon (1952) indicated that air and ground magnetics show
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definite correlation with major structural features and buried
igneous ridges and knobs in southeast Missouri.

Allingham (1960)

concluded also that the shape and magnitude of magnetic anomaly
can be used to interpret the dip of the granite and felsite
contacts (primary lineations) and to recognize faults (secondary
lineations).

Hayes (1962b) relied upon, among other criteria,

gravimetric and magnetic linear anomalies in his identification
of the structural lineaments of Missouri.

Palmer (1966) found

that buried Precambrian igneous hills are associated with positive
magnetic anomalies.

Such anomalies vary depending largely

on the magnetic susceptibility of the igneous rocks.

Origin of Lineations
The origin of local lineations can lie in one or more of the
local variables outlined in page 207 and studied in more detail on
pages 176-172.
The origin of the regional and continental lineations (regmatic
shear pattern) is the major problem facing the workers in this
field.

Any theory for their explanation should fulfill the

following pre-requisites (after 1-iollard, 1957b):
a) The forces and processes producing lineaments must have
endured over a great length of time.
b) The geologic process involved must be continuous and
presently active because lineaments on rolling glaciated
terrain and on muskeg [for example] have not been
obliterated by weathering and erosion processes.
c) The mechanism required to reflect lineaments to
ground surface must be reasonably simple, for similar
patterns are produced on diverse topography and in
diverse types and depths of surficial deposits that
overlie different kinds of relatively flat-lying
sedimentary rocks of varying thickness.
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d)

e)

f)

g)

The stress-field necessary to produce lineaments
10 or more miles in length must have originated at
considerable depths below ground surface - probrtbly
below the sur f ace of the crystalline basement.
Differential adjustments caused by the stressed[sic] field must be either absent or must develop
exceedingly slowly inasmuch as lineaments in the
relief have escaped the attention of many field
and airphoto observers for a long time.
The mechanism producing the lineament pattern
must persist over extensive and widespread belts
of the earth's outer shell; that is to say, the
engendering mechanism must in fact be world wide.
Geologic ·materials considered, the forces and
processes involved must be locally intensified for
the patterns formed are relatively much more
prominent in some geological and climatic environments
than in others.

The writer is of the opinion that the major fracture pattern
of the earth is caused by extra-terrestial forces such as
oscillatory earth tides and intra-terrestial (tectonic)
forces.

The external forces produce a fracture pattern with

orientations having world-wide similarities which satisfies
pre-requisites a, b, c, e, and f mentioned above.
forces fulfill pre-requisite g.

The internal

It is believed that the basic

fracture system might have originated from external oscillatory
forces, imprinted upon consolidated material shortly after
consolidation of the earth's crust in early Precambrian time.
Such actuating force has the tendency to re-establish this mode
_9f oscillation through time, so fractures propagate themselves
upward through successively deposited layers (satisfies prerequisite d above).
In stable continental areas the fracture pattern is
predominantly that created by external forces.

But in areas

subject to strong tectonic forces (e.g. geosynclinal belts,
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mountain ranges, rift

valleys,.~.etc.)

the fracture patterns

develop in accordance to the internal forces.

These fracture

systems created by internal forces may be superimposed on,
and partly dependent upon the fracture pattern of the
forces.

e~ternal

In other words, the fracture pattern created by the

internal forces does not necessarily create any new tectonic
directions but generally uses (in total or in part) the
already present fracture pattern of the external forces.
This mode of origin of the regmatic shear pattern has
been adopted from previous propositionsby Blanchet (1960),
Mollard (1957b), Haman (1961) and others.

Characteristics and Origin of the Lead Deposits of Southeast
Missouri and the Use of Lineation Analysis in their Exploration
The Minerogenic Province of southeast Missouri is the
major producer of lead and barite in the 'united States and
recently became also a significant producer of iron.

The

lead deposits in the area are in the Lower Paleozoic sedimentary
rocks, flanking the Precambrian rocks of the St. Francois
Mountains.

Major production, until recently, came from the

Old Lead Belt (Fig. 5, p. 46).

Significant new discoveries

and mines are found along the Viburnum Trend (New Lead Belt).
Outside these two major lead belts, important lead deposits in
the Province are those of Indian Creek, Higdon, and Annapolis.
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As shown in Figure 5, the Old Lead Belt is roughly rectangular
in outline with its long axis oriented northwesterly.

The long

axes of the Higdon and Annapolis deposits are oriented northwesterly
also but that of Indian Creek is northeasterly.

The deposit in

the Fredericktown area is elongated in a northerly direction.

The

New Lead Belt has an over-all northerly elongation too, although
its northern and southern ends trend northeasterly and its
central part north of Fletcher has a northwesterly trend.
The lead deposits in southeast Missouri are considered of
the Mississippi Valley type which has the following general
characteristics (Ohle, 1959):

absence of igneous rocks that

are potential source of ore solutions, simple mineralogy, low
precious metal content, occurence in limestone or dolomite, bedded
replacement and veins, most common location in passive structural
regions, shallow depth, and relation to positive structures.
The bulk of the lead ore

occur~es

in the Old Lead Belt

are stratigraphically controlled and concentrated in the Upper
Cambrian Bonneterre formation, especially its lower half.
Variations in thickness, appearance, lithology, and diagenetic
and/or secondary alterations (probably of hydrothermal origin)
partly and in some cases completely obliterate the original
characteristics of the formation.
In the New Lead Belt indications show that the lead ore
characteristics are similar to those of the Old Lead Belt both
in mineralogy and geologic setting.

However, the Bonneterre

formation in the new area is thinner and the major ore-bearing
horizons of the Old Lead Belt may be missing or, even if present,
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may carry only little ore values.

The Indian Creek, Higdon, and

Annapolis deposits have similar geologic setting to the deposits
of the Old and New Lead Belts.
Sedimentary and diagenetic features, such as sand bars,
algal reefs, slump and breccia structures, and differential
sediment compaction on and adjacent to Precambrian knobs and
ridges, played an important role in the localization of the lead
ores.

The Bonneterre formation is believed to have been deposited

in a shallow water environment.

Because of the mature relief of

the Precambrian surface, igneous knobs and ridges, protruding
as islands in the.Upper Cambrian Sea, channelled and guided
currents so furthering the emphasis of the bottom irregularities.
As a consequence, sand bars and spits were formed in the Upper
Lamotte and Lower Bonneterre formations.
northeasterly in the Old Lead Belt.

These commonly trend

Reef structures developed

parallel and perpendicular to these "sedimentary arch structures".
Because of grain-size variations and porosity-permeability
differences between the ridges and reef structures on one hand
and the finer sediments on the bottom of the sea and in the
smaller basins of sedimentation on the other, the hinge (or
flank) zones of these structures acted as important channelways
and sites of deposition of the lead mineralizing solutions (see
Fig. 7, p. 50).

However, not all ridge or reef structures are

mineralized in the southeast Missouri area.

Ohle and Brown (1954a)

believe that fracture zones exerted a secondary influence where
depositional arches and ridges were present.

But in their absence

fractures might have been a dominant factor in ore localization.
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Frequently, differential compaction along the flanks of the
depositional ridges and arches caused slumping of unconsolidated
and partly lithified sediments basinwards resulting in major slump
breccia zones in the lower part of the Bonneterre formation (Snyder
and Odell, 1958).

These zones occasionally acted as localizers

of ore solutions and sites of ore deposition especially where
they were directly connected with underlying favorable ore horizon.
The Precambrian topographic highs acted indirectly in ore
localization.

The knob structures seemingly acted as traps to

concentrate the flow of the ore solutions which moved upward and
laterally through the Lamotte formation until its pinchout and
then entered the overlying, chemically more reactive, Bonneterre
formation where the ore was deposited.

The Bonneterre beds

above the pinchout line of the Lamotte formation are also a zone
of concentration of local fractures that are closely related to
the shape of the Precambrian highs (James, 1952).

So it seems

that the deposition.of the lead ores above the Lamotte pinchout
line adjacent to Precambrian highs is both lithologically and
structurally controlleQ.
Although the bulk of the lead ores are concentrated in
the Bonneterre formation and not directly related to the faults
in the district, signs of mineralization and alteration are
observed and a few small deposits were mined, early in the
history of the district, along many of these faults and fault
zones, e.g. Ste. Genevieve, Big River, Palmer, Berryman, Shirley,
and Simms Mountain fault zones (James, 1951 and 1952).

Although

no large ore bodies have been discovered in this depositional
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environment it is of interest from the ore genesis point of view.
Mineralization was narrow, followed the pattern of individual
fault zones, and was of limited lateral and vertical extent.
Subsurface workings paralleled known surface joints and fracture
systems.

Mineralization occurred in sediments ranging from the

Lamotte to Roubidoux formations.

However, a favorable horizon was

the Potosi-Eminence formational contact.

Most mines were not along

the fault zones of maximum displacement but marginal to them.
The following conclusions, based on the present study,
related to the origin of the lead deposits and methods of
their exploration are reached by the writer:
1.

The linears and lineaments studied are direct manifestation

of the structural pattern of the region.
2.

The Precambrian basement has a structural pattern

consisting essentially of two fracture systems, one diagonal (with
a northeast and a northwest set) and the other, less significant,
axial (with a northerly and an easterly set).
3.

The relief of the Precambrian surface in early Paleozoic

time was influenced greatly by structure.

Many of the so-called

Precambrian ridges are faults in actuality or at least linears
and/or lineaments • .
4.

The deposition of the Lower Paleozoic formations especially

the Lamotte and Lower Bonneterre formations and the shapes of their
basins of sedimentation were guided by the linear structural
features of the basement rocks.

s.

Primary and diagenetic features in these sedimentary rocks

(such as sand bars, depositional ridges, and reefs) developed in
most . cases associated with these fault scarps and linear structural
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features.
6.

The linears and

Precambrian rocks

~e

lineamen~pattern

imprinted in the

translated into the younger sediments and in

consequence the sediments acquired the same fracture and lineation
patterns.
7.

The actuating mechanism of fracturing was active since

Precambrian time and as a matter of fact, is still active at
present (as indicated by the airphoto soil tonal and vegetational
alignments).

Most probably the stresses involved are of an extra-

terrestrial origin.

a.

Faulting·in the area, although aligned parallel to

the common lineation pattern of the region, has a mechanism of
origin due not only to extra-terrestrial stresses but also to
internal ones accompanying the maximum uplift and displacement
of the Ozark Dome to the east and north of the St. Francois
Mountains and also the downwarping of the Mississippi Embayment.
9.

The lead mineralization was of an epigenetic-hypogene

origin related to a magmatic source in depth.

Although no near-

surface igneous bodies are directly related to the deposits,there
must have been a plutonic expansion or intrusion associated with
the uplift of the Ozarks.

Basic dikes and pipes as well as

the existence of some cryptovolcanic (?) structures are indications
of such magmatic activities at depth.
10.

According to Snyder and Gerdemann (1965): trace amounts

of lead, zinc, copper, and iron sulfides are found in the metamorphosed dolomite adjacent to the intrusive dikes of the Avon
diatremes area, lead and iron sulfides occur in the Lamotte and
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Bonneterre formations adjacent to the Furnace Creek crater, and
lead, zinc, and barite mineralization are known at several places
within the Crooked Creek structure in the Bonneterre, Davis, and
Potosi formations.
11.

The orientation and alignment of the lead mining districts

and individual deposits in the southeast Missouri are to a large
extent guided by the four major fracture and lineation sets
(Figures 5 and 7, p. 46

and~),

also basic dikes in the region

follow such trends.
12.

Local fracture patterns are developed in the sediments

adjacent to

Preca~brian

knobs and closely parallel their shapes

due to differential compaction.

Such effects are distinct from

those of the linear Precambrian highs which commonly parallel the
regional lineation trends.
13.

The existence of reef structures (rolls and fingers of

the Old Lead Belt, for example, and their identification as algae
species of the ·genus Collenia by Ohle and Brown, 1954b) is a
negating

argument

against the existence of abnormal lead

concentrations in the sea water during the deposition of the
Lower Paleozoic sediments as required by any syngenetic theory
proposed for the origin of the lead deposits.

Also the clear

alignment of the ore deposits e s pecially in the Old Lead Belt
negates the contemporaneity of deposition of the lead ores with
the sediments and is contrary to the uniform distribution of
deposits conventionally known to be of syngenetic origin.
14.

The possibility of a syngenetic magmatic exhalative

origin of the lead deposits resulting from fissure sub-oceanic
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volcanic activities along the regional linears and lineaments i s
untenable with the existence of organic reefs.
15.

The writer believes that the ore solutions moved upward

from depth through fractures, linears, and/or lineaments in the
Precambrian rocks and then up dip along the Lamotte-Precambrian
unconformity, through the pervious Lamotte sandstone and throug h
fractures in this formation (having essentially the same alig nment
as those in the Precambrian basement) until they intersected the
base of the more chemically reactive Bonneterre formation and
were further controlled by zones of maximum porosity and permeability
(due to lithologic and/or structural factors).

A similar mechanism

of emplacement of the lead deposits was suggested by Tarr (1936).
16.

The center of the lead mineralization activity was

not associated with the intensely faulted area east and north of
the St. Francois Mountains but farther south almost coinciding
with the location of these mountains.
17.

Some of the mineralizing solutions, however, travelled

laterally far enough to reach the major fau~t zones mentioned
above.

Because of their being opened up to the surface, mineral-

izing solutions moved also upward as high as the Roubidoux formation.
In summary the writer believes that:
1.

Channelways for mineralization followed one or more

directions of the four regional linears and lineaments of the
Precambrian complex.

These regional structural trends also affected

the shape of the basins of sedimentation,and the trends of the linear
primary and diagenetic features of the sediments (e.g. reefs, sand
bars, breccia zones, ••• etc.).
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2.

A local f ractur e pattern has developed around t he

Precambrian knobs and can be detected from aerial photog ra p hic
lineation analysis and supporting field and lithofacies studies.
3.

The lead deposits a r e controlle d by:

a) the primary

and diagenetic linear structural features which are, in a sense,
reflections of the lineation pattern of the basement, b) buried
Precambrian knobs (with their local fracture patterns), and
c) regional fracture pattern of the sediments (essentially
similar to that of the Precambrian basement).
4.

There is a chance for fin d ing lead deposits around the

St. Francois Mountdins so that the Old Lead Belt, the Indian
Creek deposit, the New Lead Belt, the Annapolis deposit, and
those of Higdon and Fredericktown are connected together (Fig .
p. 46).

s,

New lead deposits within this circular target area

will be essentially confined to the basal units of the Bonneterre formation.

The circular target concept and the stratigraphic

control of the deposits are already known

f act~

but have been

substantiated by the prese nt investigation.

s.

Ore shoots and extensions of known ores are likely

to be aligned parallel to any or all of the four lineation
sets characterizing the regional lineation pattern.

In the

Old Lead Belt ore shoots are clearly aligned parallel to the
diagonal lineation sets (i.e. northeasterly and northwesterly).
In the New Lead Belt both the diagonal system and the axial
system of lineation mi g ht be of importance.
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Use of Lineation Analysis in Exploration for Iron and Barite
Deposits in the Minerogenic Province
The major known Precambrian deposits in southeast Missouri
are reported by Kisvarsanyi (1966) to be concentrated in a northwesterly-trending zone about 70 miles long and 40 miles wide in
the central part of the Ninerogenic Province which he refers to
as an "Iron rvtetallogenic Province".

He states that the ore emplace-

ment was controlled by lithology and structure, i.e. primary and
secondary lineations.

Volcanic flow interfaces and some beds

served locally as channelways for the iron-bearing fluids
although the deposits are mainly emplaced along fracture zones
and have cross-cutting relations.

Kisvarsanyi suggested various

origins for the different iron deposits of the Province inciuding
hydrothermal replacement, hydrothermal \ veins, contact metasomatism,
and ore magmatic injections.
The writer believes that knowledge of the trends of the
regional lineation pattern and their consistency in the Province
can help, at least, in the finding of iron ore shoots and
extensions of already known deposits.

Knowledge of the local

primary lineations, especially flow bedding, supplements the
regional secondary lineation trends as possible ore guides.
Major production of barite in the Minerogenic Province
comes from a zone close to the surface exposure of the contact
between the Potosi and Eminence formations in Washington County.
Most of the deposits are of the residual type and ar~ derived
from the two above mentioned formations.

Barite occurs scattered

in residuum of red clay, quartz druse, chert, and minor limonite
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but is locally enriched in linear zones ("runs" or "leads")
10 to 20 feet wide and several hundred feet long (Brobst, 1960).
The present writer believes that these are vestiges
veins.

of original

The trends of such runs are not mentioned in published

literature but the writer suggests the possibility that such runs
are more likely to follow the regional lineation trends of the
area.

Improvements in and Other Applications of the Technique of Lineation
Analysis
Improvements.in the f ield of aerial photography such as
infrared photography, color photography, photog raphy from orbital
altitudes, and in photographic laboratory techniques open new
realms for lineation analyses.
Automatic data processing will reduce the cost and time
of annotating, processing, and mapping of lineation data.
Applications of the lineation analyses vary widely.

Important

applications are in the fields of mineral exploration (local,
regional, and/or global), oil and geothermal energy explorations,
ground water studies, and geological engineering as well as
what might be considered today as purely academic research (e.g.
the existence and origin o f the "regmatic shear pattern").
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APPENDIX I
Mechanical Behavior of Rocks

The mechanical behavior of rocks has been studied and described
in multitude of published a rticles.

Several books, summaries and

review articles are available, e.g. Anderson (1951), Billings (1954,
Chapter 2), De Sitter (1956, Chapters 2 through 6), Beloussov (1962,
Chapters 23, 26, 27 and 28), Hills (1963, Chapters 4 and 5), and
Badgley (1965, Chapters 2 and 3).
In an excellent review article, Donath (1963) states that
Rocks deform because they are not in equilibrium with
their environment. The manner in which they deform is
primarily a function of ductility - the ability of a rock
to flow without fracture.
A rock having a low ductility
undergoes negligible flow before it fractures and is said
to be brittle. A rock having high ductility can flow
continuously without fracture. Ductility is not constant
for a given rock; it is a function of environmental
conditions such as confining pressure, temperature, and
strain rate •••
These observations are supported by experimental work which according
to Donath (op. cit.)
••• shows that the ductility of a rock can change
appreciably, depending on the environment, and moreover,
that ductility determines to a large extent the mode of
deformation and, hence whether fracturing, faulting,
folding or other type deformation will develop under a
given set of conditions. Because different rock types
are affected di ff erently, certain rocks in the same
environment may f racture at the same time that others
flow •••
And since rocks are not usually homogeneous isotropic materials,
Donath (op. cit.) notes that
Whereas ductility controls the "mode" of deformation
•
" geome t ry " ••• L ayer1ng,
.
anisotropy commonly contro1 s 1ts
cleavage schistosity, and other foliation constitute
•
•
types of planar anisotropy that can alter apprec~ably
the geometric relations between structure and stress
distribution.
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According to De S i t ter (1956, p. 77) the factors that
determine the reaction of a rock to stress depend

on 1) its

anisotropy, 2) the relative competency of its component members,
3) the elasticity limit of the most competent rock, 4) the rate
of increase of the deformative stress, 5} the confining pressure,
6) intrusive action at depth, both by its thermal and its intrusive
character, and 7) fluid content, either connate or intrusive.
He (p. 79) arranges the order of competence of some of the
common rocks at shallow depth (up to two ki l ometers) as:
impure limestone (highest competence), pure limestone, sandstone,
marl, clay-shale,·salt-gyp sum (incompetent).

The order of

competence of the same rocks at greater depth (below two kilometers)
is sandstone, impure limestone, marl, pure limestone, clay-shale,
sa l t-gypsum.
It is recommended that rocks reacting similarly to external
and/or internal stresses ar e included in one "structural rock unit".
Such a unit may be equivalent to a geologic formation or be smaller
or larger.
The use of such units was emphasized by Hodgson (1961).
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APPENDIX II
Characteristics and Origin of Joints

It is the common belief of many workers, including the present
writer, that the airphoto linears, and lineaments in most of the
cases, are the surface manifestations of rock joints and fractures.
For this reason, the results of three recent major works on the
characteristics and origin of joints are

summarized*.

The relation between joints and fractures and the different
rock materials is summarized by Kelley and Clinton (1960) who
observe that
It is thought by many that joints are much more common
in strong (competent) and relatively brittle rocks than in
weak (incompetent) and relatively plastic rocks.
It appears
that poor exposures in the incompetent rocks coupled with
lack of direct evidence of prominence and persistency of
individual joints has led to this erroneous conclusion.
Joints in claystone and mudstone are very abundant ••• ,
but individual fractures are not as persistent or continuous
as in the massive sandstone beds. On the other hand, in
certain places closely spaced joints in claystone and mudstone
commonly appear to form a set confined to a narrow sheeted
zone which may have considerable persistency. These are
rarely exposed, but their presence is believed indicated
by long, relatively straight parallel valleys and ridges
not clearly due to any surficial erosional agent. Our
observation and interpretation that joints are very abundant
in the incompetent rocks (claystone, mudstone, or relatively
thin-bedded sandstone and limestone) suggest that fracturing
is, along with flowage, an im?ortant part of the mechanics of
deformation. This is not to s~y that jointing in mudstone
develops only during folding, for many of the joints may
be due to compaction, lateral movement due to uneven loading,
or epeirogenic warping.
In another part of their report these authors review the
characteristics of joints in the Colorado Plateau as follows:

------------------------------------------------------------------

*For further information about the c~assification, characteristics,
and origin of joints the interested reader is referred to such works
by Billings (1954, Chapter 7), De Sitter (1956, Chapter 9), Hills
(1963, Chapter 6) and Badgley (1965, Chapter 5). The last reference
has a comprehensive up-to-date bibliography.
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Joints rang e g reatly in persistency, from those that
are confined to a sin g le bed to those that continue throug h
the thick sequence o f b eds.
Joints are commonly of di ff erent
frequency and orientation in adjacent beds.
In some areas
the joints may be restricted to one set, whereas in other
areas there are several sets in a single system of joints.
In general, weak rocks such as mudstone are much more
jointed tha n strong rocks such as massive sandstone.
Harris~~· (1960) completed a thorough field study of two

areas in Wyoming to evaluate:

1) the relation between rock type

and fracture development (density), 2) the variations in trends
of fractures in the differ e nt rock types both locally and reg ionally,
and 3) the variations of f racture patterns of various litholog ic
units in areas where they had been subjected to different degrees
of deformation.
Their observed fracture density was reduced to a common datum
because they found that fracture density, among other things, depends
on the thickness of the formation.

The ratio of fracture density

of similar beds is in inverse proportion to their thickness.
In addition to thickness, Harris and his associates (op. cit.)
found that susceptibility of a bed to fracturing depends on its
brittleness, gross min e ralogy, and cementation as well as other
lithic characteristics.

Th ey believed that the influence of lithic

character on fracture concentration is less evident than that of
thickness.
Specifically, these workers note that siliceous dolomites and
limestones commonly show the highest degree of fracture density.
Calcareous quartz sandstone and siliceous shales also commonly
have excellent fracture development.

Contrary to Kelley and Clinton

(op. cit.), however, they found that the lowest fracture densities
are commonly present in the soft ductile shales and friable quartz
sandstones.

Otner conclusions reached by Harris~!!· (op. cit.)
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are the following:
It was f ound that fractures of deformational sig ni f icance
have certain characteristics such as repetition an d continuity
of.trend, wh~ch distinguish them from other types of fractures
wh1ch have l1ttle or no compressional structural signif icance.
Of the latter type, the gravity fracturing or rupture is
of most common oc c ur r en ce .
These gravity fractures are the
result of topog r~ ph i c inf luences, and although repetitional,
have certain characteristics which differentiate th e m from
the fractures or jo i nts of deformational origin.
The trend and concentration of deformational f r acture s
are directly relate d to the regional structure of a~ area ,
but are modified and a ltered by the local structural el me n ts.
As to the origin of joints, Hodgson (1961) in his study of the Comb
Ridge - Navajo Mountain area in Arizona and Utah concludes that:
Hypothe s ~s stating that joints are related genetically
to folding are rejected for the mapped area.
The shear,
tension or torsion theories of jointing require that only
one or two sets of joints be considered as the result of a
particular stress condition. Where more sets are present
different stress conditions must be postulated for each
set or pair of sets believed to be related genetically.
The joint pattern in the mapped area cannot be interpreted
in such terms without making these assumptions. Alternatively,
in accord with theoretical and experimental evidence, semidiurnal earth tides are considered as a force capable of
producing joints in rock through a fatigue mechanism. Field
observations sug gest t h at joints form early in the history of
a sediment and are produced successively in each new layer
of rock as soon as it is capable of fracture. The joint
pattern in pre-existing rock 'may be reflected upward into
new, non-jointed rock and so control the joint-directions.

He adds, however, that "much critical data from areas with
different geologic histori e s are needed before a quantitative
evaluation of this hypothesis can be made".
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APPENDIX III
Total Number and Total Length of Airphoto Linears Per
Mile Areas of Southeast Missouri
(Data of Figure 26)
Unit Area

Total Number
of Linears

225-S~unre

Total Length of Linears
(In Lineal Miles)

A-3

338

417.5

A-4

434

442.7

B-1

525

620.3

B-2

633

694.85

B-3

434

458.05

B-4

459

481.55

B-5

455

426.6

B-6

284

284.35

C-2

335

306.55

C-3

687

665.5

C-4

709

764.3

C-5

844

862.65

C-6

526

546.95

D-3

648

598.5

0-4

514

518

D-5

537

539

D-6

678

684.2

E-3

460

436.4

E-4

629

619.45

E-5

529

542.05

E-6

435

468.6

F-3

463

464.6
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APPENDIX IV
Total llumber and Total Leng th o f Airphoto Linears Pe r
Hile Areas o f Southeast l1is souri
(Data of Plate III)
Unit Area

Total Number
o f Lin e ar s

5 6. 25- S ~u a r e

Total Leng th o f L 1near s
( In Lin eal Miles )

A-1 SE

93

114.7

A-2 SE

106

1 0 9. 3

A-3 NW

49

60. 3

A-3 NE

97

120.35

A-3 SH

80

105.9

A-3 SE

112

130.95

A-4 NW

119

125.0

A-4 NE

93

84.75

A-4 SW

155

164.75

A-4 SE

67

67.4

A-5 NW

74

72.3

sw

85

89.2

A-5 SE

115

102.75

B-1 NW

104

125.2

B-1 NE

126

164.5

sw

138

150.7

B-1 SE

157

179.9

B-2 NW

75

87.65

B-2 NE

152

173.35

B-2 SW

156

173.2

B-2 SE

250

260.65

A-5

B-1
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Unit Area

Total Number
of Linears

Total Len~th of Linears
(In Lineal Miles)

B-3 NH

51

58.1

B-3 NE

86

96.3

sw

177

176.4

B-3 SE

120

127.25

B-4 NH

145

152.1

B-4 NE

93

92.2

B-4 SH

121

135.3

B-4 SE

100

101.95

B-5 NW

129

115.3

B-5 NE

121

111.65

!3- 5 SH

97

B-5 SE

108

106.65

B-6 N\-1

89

84.2

B-6 NE

75

76.7

B-6 SH

72

74.15

B-6 SE

48

49.3

C-1 N\-1

122

122.4

C-1 NE

113

125.3

C-2 NW

68

C-2 NE

105

94

C-2 SW

101

92.05

C-2 SE

61

57.45

C-3 NW

130

120.3

C-3 NE

225

227.45

sw

117

100

B-3

C-3

93

63.05
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Unit Area

Tota 1 Number
of Linears

Total Length of Linears
(In Lineal Miles)

C-3 SE

215

217.75

nw

165

164.4

C-4 NE

173

199.15

C-4 SW

187

212

C-4 SE

184

188.8

C-5 NW

184

191.25

C-5 NE

195

191.75

C-5 SW

266

265.75

C-5 SE

199

213.9

C-6 NW

157

174

C-6 NE

47

48.95

C-6 SW

206

221.95

C-6 SE

116

102.05

C-7 NW

93

92.25

C-7 SW

98

89.85

D-2 NW

117

103.05

D-2 NE

149

138.6

D-2 SE

138

125.6

D-3 NW

155

137.85

D-3 NE

192

183.15

D-3 SW

138

126.65

D-3 SE

163

150.85

D-4 NW

127

125.75

D-4 NE

129

134

C-4
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Unit Area

Total Number
of Linears

Total Length of Linears
(In Lineal Miles)

D-4 SH

155

156.8

D-4 SE

103

101.45

D-5 NW

124

122.6

D-5 NE

143

139.3

D-5 SW

118

122.15

D-5 SE

152

154.95

D-6 NW

175

182.05

D-6 NE

164

159.8

D-6 SW

171

178.5

D-6 SE

168

163.85

D-7 NW

151

159.3

D-7 SW

207

241.6

E-2 NE

113

106.5

E-2 SE

114

100.55

E-3 Nvl

103

92.95

E-3 NE

104

96.1

E-3 SW

139

131.9

E-3 SE

114

115.45

E-4 NH

163

159.25

E-4 NE

140

135.3

sw

154

148.95

E-4 SE

172

175.95

E-5 NW

113

116.4

E-5 NE

181

179

E-5 SW

105

109.55

E-4
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Unit Area

Total trumber
of Linears

Total Length of Linears
(In Lineal Miles)

E-5 SE

130

131.6

E-6 NW

142

161.25

E-6 NE

107

111.8

sw

105

112.3

E-6 SE

81

83.25

E-7 NW

122

132.95

sw

75

83.55

F-2 NE

59

60.8

F-2 SE

91

82.6

F-3 NW

117

108.9

F-3 NE

90

91

F-3 SW

128

133.65

F-3 SE

129

131.05

F-5 NE

108

117.65

F-6 NH

112

114.3

F-6 NE

85

91.2

F-7 NW

90

98.6

E-6

E-7
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